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INTRODUCTION 


This do-it-yourself Workshop Manual has been specially written for the owner 
who wishes to maintain his car in first class condition and to carry out his own 
servicing and repairs. Considerable savings on garage charges can be made, and 
one can drive in safety and confidence knowing the work has been done 
properly. 

Comprehensive step-by-step instructions and illustrations are given on all dis¬ 
mantling, overhauling and assembling operations. Certain assemblies require 
the use of expensive special tools, the purchase of which would be unjustified. 
In these cases information is included but the reader is recommended to hand 
the unit to the agent for attention. 

Throughout the Manual hints and tips are included which will be found 
invaluable, and there is an easy to follow fault diagnosis at the end of each 
chapter. 

Whilst every care has been taken to ensure correctness of information it is 
obviously not possible to guarantee complete freedom from errors or to accept 
liability arising from such errors or omissions. 

Instructions may refer to the righthand or lefthand sides of the vehicle or the 
components. These are the same as the righthand or lefthand of an observer 
standing behind the car and looking forward. 



CHAPTER 1 


THE ENGINE 


1 :1 Description 

1 :2 Servicing without engine removal 
1:3 Removing the engine 
1 ;4 Dismantling the engine 
1 ;5 Servicing cylinder heads 
1 :6 Servicing the rocker gear 
1 ;7 Cylinder barrels and pistgns 
1 ;8 Lubricating system 


1 :1 Description 

In such an unconventional car as the Volkswagen 
'Beetle' it would be reasonable to expect an engine of 
equally unconventional design and this is the case. 
Examination of FIGS1 :1 and1 :2willenable the compo¬ 
nent pans to be identified and it will soon become 
apparent that there is very little difference between the 
basic design of the early- and late type engines. The flat- 
four arrangement of the cylinders is such that pairs of 
cylinders face each other horizontally on either side of the 
crankshaft. The four finned cylinder barrels are identical 
and interchangeable and closely resemble their- motor¬ 
cycle counterparts, being cooled by air, flowing over the 
fins. Cylinder heads are provided by a single aluminium 
alloy casting to each pair of cylinders, the casting being 
secured by eight long studs and nuts, To give more 
durable working surfaces there are pressed-in valve 
guides and valve seat and sparking plug inserts. 

On the early engine the overhead valves are horizontally 
disposed and are operated by inclined pushrods with 
integral cam followers, The later design of engine has 
inclined valves 8 and pushrods 20 in FIG 1 :2. The inner 
ends of the rods register In separate bucket-type cam 
followers 22. Oiltight pushrod covers are ribbed to 
accommodate changes in length due to expansion and 
contraction. The slope on the covers enables lubricating 
oil from the valve gear to drain back into the crankcase. 

The two pairs of cylinders 9 are mounted on a crank¬ 
case which IS split vertically on the centre line. During 


1:9 The distributor drive shaft 
1 :10 Removing and refitting flywheel 
1 :11 Dismantling the crankcase 
1 :12 Crankshaft and connecting rods 
1 ;13 The camshaft and followers 
1:14 Reassembling the engine 
1:15 Fault diagnosis 


manufacture the two halves of the crankcase are machined 
as an assembly and only a complete crankcase can be 
supplied as a spare part. It is not possible to renew one 
half of the case by itself 

The crankcase carries the crankshaft 26 in four bearings. 
No. 1 bearing at the front being a light-alloy bush with 
flanges to take end thrust. No, 2 bearing is of the split 
light-alloy type although later engines may have steel 
backed lead alloy shells. Nos, 3 and 4 are light-alloy 
bushes. The bearing surfaces of the crankshaft are 
hardened. 

The short and very sturdy connecting rods 15 are 
fitted with thinwall lead-bronze bearing shells in the big- 
ends and there is a bronze bush for the gudgeon pin in the 
small-end. 

The light-alloy pistons 10 carry fully floating gudgeon 
pins which are retained by circlips and there are three 
piston rings, the bottom one being of the oil control type. 

On early engines the short, stiff, camshaft 28 runs in 
bearings machined directly in the crankcase, but on later 
engines the bearings are fitted with renewable liners. 
The rearmost bearing liners are flanged to take care of 
end thrust due to the helical timing gear. There are only 
four cams because each one operates two valves, one on 
each side of the engine. The large single helical timing 
gear is made from light-alloy and is riveted to the cam¬ 
shaft. It engages with a smaller gear which is keyed to 
the crankshaft between rear bearings 3 and 4. The rear 
end of the camshaft drives an orthodox gear-type oil 
pump 27. 
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I'nd lam fo^lowflr^"wot« engine showing the horizontal valves and one-piece pushrods 

and cam followers. Note the horizontal pushrod operating the fuel pump on the lefthand side below the distributor. 


The pump draws lubricating oil from a strainer 29 in 
the ribbed sump and passes it to a vertical oil cooler 3 
positioned in the air flow from the cooling fan. From here 
the cooled oil passes through drilled passages to the main 
and big-end bearings, to the camshaft bearings and up 
the hollow pushrods to the rockers and valve gear. 
From here the oil drains down the inclined pushrod covers 
back to the sump. The cylinder walls, pistons and gudgeon 
pins are lubricated by splash. In cold weather, when the 
oil is of high viscosity a pressure relief valve 11 allows oil 
to pass directly to the engine without passing through the 
cooler. 

The distributor 6 is driven by a spiral gear keyed to the 
crankshaft just in front of the rear bearing. 

The generator 24 is belt driven from a pulley on the 
rear end of the crankshaft. The forward end of the 
generator shaft carries a fan 12 which supplies the large 
volume of cooling air required. Some of this air, when 
heated by the exhaust system is used for the car interior 
heating. On the early engine the amount of cooling air 
was automatically controlled by a thermostat and a 


throttle ring, but as this often restricted the amount of air 
for heating the car interior the system was changed to one 
where the volume of air is not restricted. The flow of air 
through the engine cooling ducts is then thermostatically 
controlled by flaps instead. On the later engines heated 
air for the car interior is obtained by passing air over 
finned heat exchangers 21. This replaces'the original 
system in which it was possible for fumes to contaminate 
the heating air. 

The complete engine is not attached to the chassis but 
is secured by four bolts to the transmission flange which 
is in line with the rear face of the flywheel 25. The trans¬ 
mission and final drive case is flexibly mounted in a 
cradle formed at the rear end of the chassis backbone. 
The engine Is thus cantilever mounted and can be with¬ 
drawn from the transmission simply by detaching the 
wiring, the carburetter controls and the fuel pipe and 
undoing the four bolts. It will be noted that the sump is 
part of the crankcase so that it is impossible to service the 
camshaft and crankshaft components without removing 
the engine and splitting the crankcase. 
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FIG 1 :2 The redesigned engine introduced in August 1960. Note the Inclined valves, the separate cam followers and the 
new position of the fuel pump, with vertical pushrod operation 

Key to Fig 1:2 1 Fan housing 2 Ignition coil 3 Oil cooler 4 Intake manifold 5 Fuel pump 6 Distributor 

7 Oil pressure switch 8 Valve 9 Cylinder 10 Piston 11 Oil pressure relief valve 12 Fan 13 Oil filter and breather 
14 Preheating pipe 15 Connecting rod 16 Sparkplug 17 Cylinder head 18 Thermostat 19 Rocker arm 
20 Push rod 21 Heat exchanger 22 Cam follower 23 Carburetter 24 Generator 25 Flywheel 26 Crankshaft 
27 Oil pump 28 Camshaft 29 Oil strainer 
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FIG 1:3 Using feeler gauges to adjust the valve rocker 
clearance 



FIG 1:4 Finding TDC when adjusting valve clearances. 
Pulley notch in line with crankcase joint (righthand 
dotted line), and rotor arm in line with notch on distribu¬ 
tor body (lefthand dotted line) 


Table of models: 

The following specifications will help the reader to 
identify the models being discussed in the servicing 
instructions. It is proposed to use not only the designa¬ 
tions '120p', '1300' and '1500' throughout this manual 
but to append the bhp figures as well. This will enable us 
to cover engines of the same capacity but of different 
design, the most important change being in August 1960 
when the car engine was completely redesigned. 

From Aug. 1954 From Aug. 1960 
Model VW 1200 VW1200 

Cylinder bore 77 mm 77 mm 

Stroke 64 mm 64 mm 


Capacity 

1192 cc 

1192 cc 

Compression ratio 

6.6 to 1 

7.0 to 1 

Power output 

30 bhp at 

34 bhp at 


3400 rev/min 

3600 rev/min 


From Aug. 1965 

From Aug. 1966 

Model 

VW 1300 

VW 1 500 

Cylinder bore 

77 mm 

83 mm 

Stroke 

69 mm 

69 mm 

Capacity 

1285 cc 

1493 cc 

Compression ratio 

7.3 !o1 

7.5 to i 

Power output 

50 bhp at 

53 bhp at 


4600 rev/min 

4200 rev/rrain 


1 :2 Servicing without engine removal 

Apart from adjustments to the fuel and ignition systems, 
and these will be found in the appropriate chapters, the 
most likely operation to be tackled without removing the 
engine is that of adjusting the rocker clearance. Adjust¬ 
ment of fan belt tension is covered in Section 4:6 of 
Chapter 4 


Adjusting the rocker clearance: 

Valve clearance increases when the engine is 
hot, so all adjustments must be made with the 
engine cold. Excessive clearance leads to noisy 
operation and performance suffers because the timing 
will be wrong. Insufficient clearance will also affect the 
timing. If the clearance is very small the valves will not be 
sealing when they are supposed to be closed and this 
wilt cause burning of both valves and seats. The reduced 
compression will then lead to poor performance. 

FIG 1:3 shows the method of making clearance 
adjustments. Before removing the covers to gain access 
to the rockers it Is essential to clean all dirt from the covers 
and surrounding parts. Then prise off each spring clip and 
remove the covers, If the gasket sticks firmly to one 
surface, leave it in position, but if there has been obvious 
leakage from the cover joint be prepared to renew the 
gasket. 

Adjustment should be made in a cylinder sequence of 
1,2, 3 and 4. Viewing the cylinders from the rear of the car. 
No. 1 is right front, No. 2 is right rear. No. 3 is left front 
and No. 4 Is left rear. Start with No. 1 cylinder. The two 
valves will be fully closed on the compression stroke 
when the piston Is at TDC. This position is found quite 
simply by turning the engine over by pulling on the fan 
belt Alternatively use a spanner on either of the pulley 
nuts. Remove the distributor cap and turn the engine 
anticlockwise. Watch the front rim of the crankshaft 
pulley for a notch, and when this is in line with the 
vertical joint between the crankcase halves, the rotor arm 
of the distributor should be in the position shown in 
FIG 1 :4. Note that the righthand notch in the pulley is 
used as a datum and the rotor is in line with a small nick on 
the face of the distributor body. In this position the rotor 
Indicates TDC for No. 1 cylinder on the compression 
stroke To arrive at the same position for No. 2 cylinder 
turn the engine anticlockwise 180 deg. so that the rotor 
arm turns through 90 deg. Two further rotor movements 
of 90 deg. each will give the TDC positions for cylinders 
3 and 4 
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With No. 1 cylinder correctly set, check the clearances 
between No. 1 rocker arms and valve stems with feeler 
gauges. If incorrect, adjust as shown by loosening the 
locknut and turning the adjuster until the correct feeler 
just slides between the surfaces. Hold the adjuster with 
the screwdriver and tighten the locknut, then check the 
clearance again. With all clearances adjusted, see that 
the cover joint faces and gaskets are clean and dry and 
fit the covers, renewing the gaskets if there has been 
leakage. This is important on early engines as otherwise 
oily fumes may enter the car through the heating system. 

Correct valve clearance with cold engine; 

Cars from August 1954 to May 1959 and then 30 bhp 
cars to August 1960; Inlet and exhaust, .004 inch. 

Cars from August 1960 until August 1965: Inlet .008 inch, 
exhaust .008 or ,012 inch, 

Cars after August 1965; Inlet and exhaust. .004 inch. 

Due to design changes there may be confusion over 
clearances. Usually there is a 'sticker' label on the fan 
housing which indicates the correct clearance. 

Lubrication servicing: 

Renew the engine lubricating oil every 3000 miles. 
Drain the sump and remove the strainer cover (FIG 1 : 5). 
Clean the strainer gauze with a brush and petrol, not a 
fluffy rag. Install with new gaskets and new copper 
washers. Do not overtighten the nuts. With the car 
standing on level ground put in 4| pints of fresh oil of the 
correct grade, 

1 ;3 Removing and replacing the engine 

With the exception of valve clearance adjustment, 
decarbonizing^and removal of the oil pump, all further 
engine overhauling must be done with the engine out of 
the vehicle. Fortunately the engine is light enough for 
two men to be able to remove It providing they have 
adequate clearance under the vehicle. This can be 
arranged by working over a pit. The alternative is to raise 
the vehicle on a hoist, or jack up and support the rear of 
the vehicle until it is about three feet off the floor. 
At this point we must emphasize the great 
importance of ensuring the safety of operators by 
arranging suitable supports under the car in the 
absence of a pit or hoist. These supports must be 
capable of remaining firm under all stresses. 

Remove the engine as follows: 

1 Disconnect the battery earthing strap and close the 
fuel tap or pinch the flexible fuel pipe with a clamp, 

2 Open the rear hood and remove the air cleaner. 
Remove the rear cover plate as shown in FIG 1 :6. 
On cars after August 1966 the cover need not be 
removed. 

3 Disconnect the cable from terminals 51 and 61 of the 
regulator box if mounted on the generator. Also 
disconnect the cables from ignition coil terminal 15, 
from the automatic choke, from the electro-magnetic 
pilot jet if fitted andffpm the oil pressure switch behind 
the distributor. 

4 Disconnect the accelerator cable from the carburetter. 
Loosen the distributor support mounting screw and 
turn the distributor so that the vacuum unit will clear 
the rear cover plate as the engine is removed. 



FIG 1 :5 Oil strainer cover removed from underside of 
sump to reveal strainer gauze and gaskets 



FIG 1:6 Removing the screws securing the rear cover 

plate 


5 Pull off the fuel hose and seal it. Disconnect both 
heating control cables and detach the flexible heater 
pipes. 

6 Move round to the front of the plate separating the 
engine from the transmission casing underneath the 
car and remove the two lower nuts from the casing 
flange. Another pair will be found on top behind the 
fan housing, the nuts facing to the rear. Do not remove 
these until the weight of the engine has been taken on 
a jack, preferably a trolley jack which can be trundled 
about. With the jack in position remove the nuts from 
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FIG 1;7 Early rocker shaft mounting showing half- 
round recesses in mounting brackets 



FIG 18 Later rocker shaft mounting showing the split 
mounting block 


the two upper mounting bolts behind the fan housing. 
An assistant will be useful to hold the bolts while the 
nuts are removed. Withdraw the accelerator cable. 

7 The next operation needs great care to avoid 
damage to the drive shaft or the clutch driven 
plate and release bearing. Whilst being withdrawn 
rearwards a matter of four inches, the engine must be 
kept perfectly square with the transmission casing and 
»ts weight completely supported until the clutch driven 
plate and the release plate are clear of the drive shaft, 
see Chapter 5. Serious damage can be caused by 
allowing the engine to tilt or by letting its 
weight hang on these components. When the 
parts are clear of the drive shaft the engine can be 
tilted down at the rear and lowered away. Keep an eye 
on the distributor while doing this. 


Replace the engine as follows: 

These operations are described on the assumption that 
the clutch has not been disturbed. If the clutch has been 
dismantled refer to Chapter 5 for instructions on 
centring the clutch driven plate. This is essential because 
the splined hub of the driven plate must accept the 
splined drive shaft and allow the spigot of the shaft to 
enter the central bearing in the flywheel retaining nut as 
can be seen in the section in FIG 1 :23. 

1 Put 3 02 of Universal grease in the bearing in the fly¬ 
wheel retaining nut. Lubricate the starter shaft bush, 
the starter drive gear and the flywheel ring gear. Use 
heavy-duty grease on the splines of the drive shaft or 
dust with molybdenum disulphide powder applied 
with a brush or piece of clean cloth. 

2 Clean the mating flanges of the engine and transmission. 
Engage a gear to stop the drive shaft from turning. 

3 Pay particular attention to the warnings in preceding 
Operation 7 and proceed to fit the engine. Never at 
any time let the weight of the engine hang 
on the drive shaft. To engage the splines of the 
clutch plate and the drive shaft turn the engine by 
means of the fan belt. Press the engine home, guiding 
the lower mounting studs into the corresponding 
holes in the transmission flange. Partly tighten the 
upper mounting nuts, fully tighten the lower nuts and 
then return to the upper nuts. Replace the rear cover- 
plate. 

4 Adjust the accelerator cable, refit the Cables and pipes 
and adjust the ignition timing as instructed in Chapter 
3. Check the sump oil 

1:4 Dismantling the engine 

On cars made before August 1964 which have 
the original type of heating arrangements shown 
in FIG 4:4, proceed as follows< 

1 Remove the coverplate in front of the engine, take off 
the fan belt and disconnect the wire between the coil 
and distributor. 

2 Remove the fan housing and the generator. Pull off the 
crankshaft pulley with an extractor. Disconnect the 
fuel pipe. 

3 Remove the induction manifold and the pre-heater 
pipe, the silencer and heater assembly. Remove the 
heating channels and the cylinder cover plates, also 
the plate under the fan pulley, 

4 Remove the clutch. Remove the cylinder head covers 
and the rocker shafts. 

5 Remove the cylinder heads, the pushrod tubes and the 
pushrods. 

6 Remove the deflector plates and then the cylinders, 
followed by the pistons. Remove the oil cooler and the 
oil pump. Remove the fuel pump. 

7 Remove the distributor and lift out the drive gear. 
Remove the flywheel. 

On cars after August 1964 with the later type of 
heater arrangements: 

1 Repeat the preceding instructions but note the following 
differences when dealing with the sheet metal work.. 

2 Take off the two large hoses between the fan housing 
and the heat exchangers. Remove the pre-heater pipe 
sealing plate. Remove the generator with fan housing 
and control flaps. 


14 





3 Remove the rear air deflecting plate and the lower part 

of the warm air duct, 

On all models, finish dismantling by splitting the 
crankcase for access to the camshaft and crankshaft. 

More detailed instructions on the various operations 
will follow. For those which concern the engine cooling 
and heating system refer to Chapter 4. 

1 :5 Servicing cylinder heads 

If necessary, the rocker gear can be removed from the 
heads without detaching the heads from the cylinders. 
There are two types of rocker shaft mounting, the early 
one being shown in FIG 1 :7 and the later type in FIG 1 :8. 
In each case the removal of two nuts will enable the shaft 
to be lifted off. Note the split mounting blocks which fit 
over the studs on the later type, together with the oil seals 
on the studs. 

Before removing the cylinder heads devise some means 
of stopping the cylinder barrels from lifting off the crank¬ 
case. Loops of wire or rope attached to some convenient 
point could be arranged or make up a clamp to fit 
between the fins. Care must be taken however not to 
stress the fins, which are brittle. Remove the cylinder 
head nuts and tap the head fins with a soft-faced hammer 
used squarely on the edges of the fins to avoid breakage. 
This should loosen the heads and they can then be lifted 
off. Note that there Is no gasket between the head and 
barrel mating faces. 

Removing the valves: 

Use a valve spring compressor to compress the valve 
springs and so release the two split collets from each 
valve stem, see item 6 in FIG 1 :9. Remove the compressor 
and lift off the spring cap 5 and spring 8. Later models 
from early 1964 have an oil deflector ring 7 on the valve 
stem below the cap. Remove any burr from the cotter 
grooves in the valve stems and push out the valves, 
keeping them in the correct order for reassembly or mark 
them on the head. Note that since 1962 the springs have 
close-wound coils at one end. This end is always 
fitted adjacent to the cylinder head. 

Servicing valves, seats and springs: 

If decarbonization is intended, scrape the carbon from 
the head before removing the valves. This will protect the 
valve seats. Use a piece of wood ora soft tool when clean¬ 
ing the carbon from the alloy head to prevent scratching. 
Remove the valves and check the stems and seats. 
Renew the valves if the stems are worn or bent, or if the 
seats are deeply pitted and burnt. Light marking can be 
removed by grinding-in but heavier defects should be 
removed by a garage equipped with a valve-refacer. 
Clean and polish the valve heads before grinding. 

Clean all carbon from the ports and have the valve 
seatings reground by a VW agent if they are deeply pitted 
or burnt. Remove the carbon from the counterbore at the 
inner end of the valve guide. It Is not possible to renew 
the valve guides or the seat inserts because of the high 
interference fits in the head. Any serious defects are 
best overcome by exchanging heads for factory- 
reconditioned parts. Clearances between valve stems 
and guides should be, inlet .002 to .003 inch and exhaust 
.0032 to .0045 inch. Clearances should not exceed 



FIG 1 ;9 Later type of valve assembly showing ribbed 
collets 6. Earlier collets had an internal taper instead. 
Note oil seal 7 



FIG 1 ;10 Sequence for preliminary tightening of 
cylinder head nuts 



FIG 1:11 Sequence for final tightening of cylinder 
head nuts 


.0065 inch for either valve. Valve seat widths should be, 
inlet .05 to .06 inch and exhaust .06 to .08 inch. Seat 
widths can be reduced by a VW agent using special 
grinding tools. 

Grind in the valves with a suction cup tool, putting a 
light spring under the valve head so that the valve will 
lift off the seat when pressure is released. Use coarse 
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FIG 1:12 Position of gasket ring between cylinder 
head and barrel on earlier engines. Split in ring faces 
outwards 



FIG 1 :13 Check pushrod tube length at A. Dimension 
should be 7^ inches on 1192 cc engines and 7^ inches on 
subsequent engines 



FIG 1 :14 Sealing washers on pushrod tube ends must 
be in good condition and seated correctly 


paste if the seats are fairly deeply pitted and finish off 
with fine. Spread the paste tightly round the valve seat and 
use a semi-rotary grinding action, letting the valve rise 
off the seat now and then to help the distribution of the 
paste. 

When the seats are a smooth matt grey without any 
signs of pitting, clean every trace of grinding paste from 
both head and valves. A useful check of the accuracy of 
the grinding can be made by marking the valve seat with 
several pencil lines across the face. If the valve is then 
rotated on the head seating all the lines should disappear. 


Before refitting the valves examine the springs for 
cracks and check the length against the figures given in 
Technical Data. Coat the valve stems with oil or molyb¬ 
denum-disulphide paste and insert in the guides, If 
fitted, replace the oil deflector rings on the stems and 
install the springs and caps. Remember to fit springs with 
close-coiled ends so that the close coils are adjacent to 
the cylinder head. Compress the springs and replace the 
cotters, using a little grease to hold the cotters in place 
while the compressor is released. Press down on the 
valve stem to check that the assembly is correct. 

Refitting cylinder heads: 

Before fitting the heads, check the tightness of the 
securing studs. If they cannot be firmly tightened because 
of defective threads in the crankcase it is possible for 
special inserts to be fitted by a VW agent. 

When replacing the heads, note that the only gaskets 
between the head and cylinder barrels are those down 
the barrels, near the first fin as shown in FIG 1:12. These 
gaskets are not fitted to engines made after the introduc¬ 
tion of the 1285 cc engine and were used on earlier 
engines to ensure that combustion gases could not enter 
the car through the heating system. There is no gasket 
between the top of the barrel and the register in the 
cylinder head. 

Before actually placing the heads on the barrels check 
the pushrod tubes for length. As shown in FIG 1 :13 the 
dimension over the corrugations should be 7^ inches on 
1192 cc engines and 7^ inches on subsequent engines. 
Tubes can be stretched carefully if they are not up to 
length. When fitted, the lube seams must face upwards. 
Also check that the seals shown in FIG 1 :14 are in good 
condition and properly seated on the ends of the tubes. 

With the head in place and the pushrod tubes correctly 
seated, fit the washers and nuts, coating the threads with 
graphite paste, and tighten down in the two sequences 
given in FIGS 1 :10 and 1 ;11. During the first sequence 
use a torque wrench set to break at 7 lb ft. Final tightening 
should be to a figure of 22 to 23 lb ft, using the second 
sequence. Prior to 1961 use a torque of 27 lb ft, 

1 ;6 Servicing the rocker gear 

To dismantle the rocker shaft, remove the spring clips 
at each end. Mark the rockers to ensure correct reassembly 
and pull off the washers, rockers, spacing tube and 
spring, or the bearing supports according to model. 
Check the rocker arms and the shaft for wear. Undue 
wear of* the adjusting screw faces which bear on the 
valve stems will make accurate clearance setting 
impossible. Also check the pushrod sockets of the rocker 
arms for wear. 

Reassemble the parts, lubricating the shaft and rockers. 
Slacken off all the adjusting screws. Before finally 
tightening the rocker shaft securing nuts, check the 
point of contact between each adjusting screw and valve 
stem. A small offset as shown at 1 in FIG 1 :16 is correct 
and it is possible to move the rocker shaft laterally to 
achieve this result, due to some clearance on the securing 
studs. On later assemblies like those shown in FIG 1 :15 
ensure that the shaft supports are fitted with the cham¬ 
fered faces outwards and the slots upwards, The shaft 
securing nuts are of a special grade, and are copper- plated 
so that they can be readily recognized. Tighten them to 
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18 lb ft. If no more work on the engine Is intended, adjust 
the rocker clearances and replace the covers. 

1 :7 Cylinder barrels and pistons 

With the heads off, the cylinders can be removed. The 
pushrods must be extracted and the deflector plates 
removed from under the cylinders. Pull off the cylinders 
and mark the pistori crowns for correct reassembly if they 
are to be removed. 

Removing and servicing pistons: 

Remove one gudgeon pin circlip and heat the piston 
to 80 deg. C or 176 deg. F. The expansion will free the 
gudgeon pin which can then be pushed out Piston rings 
must be removed with a ring tool, but if removal is not 
strictly necessary they can be left in the grooves to avoid 
breakage. 

Clean the piston crown and ring grooves free from 
carbon but use a soft tool and take great care not to 
damage the alloy surfaces. Rough treatment of the ring 
grooves will result in increased oil consumption. When 
the pistons are clean, check them for clearance in their 
respective cylinder barrels, but first look on the piston 
sides for unbalanced wear indications. Carbon or wear 
at the top on one side of the piston and at the bottom of 
the skirt on the other side is a sign that the connecting 
rod is bent. 

Piston clearance cannot be checked with feelers, but 
only by measurement with precision instruments. The 
clearance between piston and cylinder bore should be 
.001 to .002 inch. On the latest 1 500 engine the clearances 
should be .0015 to ,0024 inch measured at right angles 
to the gudgeon pin about ^ inch below the piston crown. 
If the clearance reaches the figure of .008 inch replace 
both piston and cylinder by a pair of the same size and 
weight grading. If the cylinder of a damaged piston 
shows no signs of wear it is sufficient to renew the piston 
alone, making sure that it is of the correct grade. Only 
cylinders and pistons of the same size and weight 
grading should be installed in an engine, if the oil 
consumption has reached one pint in 300 miles the 
cylinders and pistons need renewal. Measure the cylinder 
bore ^ inch below the top edge. Measure the piston at 
the bottom of the skirt, at right angles to the gudgeon 
pin axis. 

Piston crowns are marked in various ways to indicate 
size and weight grading, see FIG 1 :17. They are also 
stamped with an arrow which should point to the flywheel 
when installed. Paint spots are used to indicate both size 
grading (blue, pink and green) and weight grading (brown 
for —weight and grey for +weight). In this way it is 
possible for the VW Spares Department to match pistons 
and cylinders exactly. 

Gudgeon pins should normally be a tight push fit in 
the piston bosses but it may be found that the pin is only 
a light push fit even when the piston is cold. The pin may 
slide out of the piston under its own weight but this does 
no! mean that it is necessarily due for replacement. 
The two standard sizes of pins are colour-coded black 
and white. If the piston holes exceed a diameter of .7874 
inch then use oversize pins which are colour-marked 
green. Clearance between the pin and the connecting rod 
bush should lie between .0004 and .0008 inch. If the 


CHAMFER SLOT 



FIG 1:15 Fit mounting blocks 19 rocker shaft with 
chamfer outwards and slot facing upwards 



FIG 1:16 Rocker adjusting screw should contact valve 
stem slightly off-centre as at 1. Positions 2 and 3 are 
incorrect 



FIG 1 ;17 Grading marks on a piston crown. Position 
may vary on earlier models 

Key to Fig 1:17 1 Piston size in mm 2 Paint spot 

indicating matching size (pink, blue or green) 3 Gudgeon 
pin bore size grading (S =black. W =white) 4 Arrow must 
point towards flywheel when piston is fitted 5 index letter 
for piston Part No. 6 -f or — indicates weight grading 

7 Weight grading by paint spot. Brown =—weight, grey = 
+ weight 


clearance reaches the wear limit of .0016 inch renew the 
pin and the connecting rod bush. Do not try to install 
an oversize pin in a worn bush. When fitting gudgeon 
pins, oil them and push them into the heated pistons 
without stopping. The temperature for heating the pistons 
is given In the instructions for removing gudgeon pins. 
A third size of pin colour-coded green, is available for 
1500 pistons with a bore in excess of 22.001 mm. 
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— — OIL PUMP 

FIG 1*18 Ooeration of lubricating system. On left, engine cold, oil thick, relief valve plunger right back against spring. 
OiTgoes direct to engine but excL pressure relieved by oil return to sump. Centre o.l th'nn^^ng plunger partially 
returned'to block relief to sump. Some of main supply to engine goes by vvay R' 9 ht, oil at running 

temperature and much thinner. Plunger returned by spring, all oil to engine goes through cooler 


Piston rings: 

When fitting new rings check the gaps and file the ring 
ends if necessary. Use a piston to push the ring about 
i inch up the cylinder bore from the bottom. Using feeler 
gauges the gap should be .012 to .018 inch for compres¬ 
sion rings and .010 to .016 inch for the oil control ring 
which is fitted in the bottom groove. The wear limit is 
.037 inch. Also check the side clearance in the grooves. 
For the top compression ring this should be .003 to .004 
inch with a wear limit of .005 inch. For the lower compres¬ 
sion ring the figures are .002 to .003 inch with a wear 
limit of .004 inch. For the oil control ring the clearance 
should be .001 to .002 inch with a wear limit of .004 inch. 
Note that the two compression rings are marked TOP' 
or 'OBEN' for correct fitting. 

Fitting pistons and cylinders; 

Insert the gudgeon pin circlip at the flywheel end of the 
piston boss. If the pin is tighter than a light push fit, heat 
the piston. Fit the lubricated pin in one steady movement. 
Fit the second circlip. Make sure that the arrow or 
the word 'VORIM' on the piston crown points 
towards the flywheel. 

The cylinder flange, the gasket, and the mating surface 
of the crankcase must be perfectly clean. Remove all 
traces of the old gasket and use a new onefor each cylinder. 
Oil the piston and set the rings so that the gap in the oil 
ring is uppermost. The gaps in the other two rings should 
be evenly spaced 120 deg. apart. Oil the cylinder bore, 
compress the rings and slide the cylinder into place. The 
head studs must not contact the cylinder fins. When 
installing the deflector plates seat them correctly and 
.ensure that they cannot rattle by bending them until they 
bear tightly on the studs. 

1 ;8 The lubricating system 

We propose to deal with the lubricating system before 
discussing the crankcase because the component parts 
can all be serviced with the engine in situ. 


The system: 

The gear-type oil pump is bolted to the rear of the 
crankcase below the fan pulley and is driven from the rear 
end of the camshaft. It lifts oil from a strainer in the sump 
and pumps it under pressure to the oil passages, to an 
oil pressure relief valve and to an oil cooler bolted on 
top of the engine where it is cooled by ducted air from 
the fan. 

When the oil is cold and thick, pressure is high and to 
avoid restricting the flow to the bearings by passing it 
through the oil cooler, the oil is by-passed direct to them. 
This is done by the relief valve plunger lifting as shown 
on the left in FIG 1 :18. As the oil warms up the pressure 
drops so that the relief valve plunger moves to the left to 
allow oil to pass both through the cooler and direct to the 
engine. When the oil has reached operating temperature 
the pressure has dropped. The relief valve plunger then 
routes all the oil through the cooler. At all times any 
excess pressure of oil will pass the relief valve and fail 
back into the sump. 

The strainer: 

The strainer is illustrated in FIG 1 : 5. On early types the 
drain plug is not in the cover plate, and the strainer 
assembly is deeper. When servicing the strainer, clean 
off all old gasket material from the joint faces and scrub 
the gauze clean with a brush and fuel. Do not use fluffy 
rag as fibres may adhere to the gauze. When 
refitting the strainer make sure that the suction pipe in 
the sump enters the strainer and is a snug fit. The bottom 
end of the pipe must be clear of the domed base of the 
strainer. On recent models with the squat type of strainer, 
measure the distance between the crankcase face and 
the tip of the suction pipe. The dimension should be 
.39 ± .040 inch. On this type it is also necessary to check 
the measurement from the strainer flange to the bottom 
domed face of the strainer to ensure clearance for the 
drain plug. The dimension should be .236 ±.040 inch. 

Check the joint faces for flatness, use a new gasket 
and fit new washers under the securing nuts. Do not 
overtighten. 
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The oil pressure relief valve: 

This will be found under the rear of the engine on the 
lefthand side, see 11 in FIG 1 ;2. Always check this 
valve first if there are oil circulation problems, such as a 
leaking oil cooler or oil starvation causing engine seizure, 
as these might be due to a sticking plunger in the valve. 

Remove the plus and gasket and withdraw the spring 
and plunger. If the plunger sticks, pull it out with a 10 mm 
metric tap. which can be lightly screwed into place. 
Check the surface of the plunger for signs of seizure. 
If these are evident, also check the bore in the crankcase. 
Polish out the scores but do not remove any metal 
otherwise. Renew the plunger if its condition is doubtful. 
Check the spring for wear and settling. A new spring in 
the free position should measure, on engines made before 
the 1961 models were introduced, 2.04 to 2.08 inches. 
On engines from 1961 the free length of the spring should 
be 2.44 to 2.52 inches. Renew a spring if it is curved 
along its length and shows signs of the coils rubbing in 
the bore. Renew the plug gasket when re-installing. 


The oil cooler: 

This can be removed as shown in FIG 1 :19 but note 
that it can also be taken off with the engine in the vehicle 
by removing the fan housing. The two outer nuts are 
best unscrewed with the type of cranked spanner shown. 
If the cooler has been leaking first check the oil pressure 
relief valve and then, if necessary, subject the cooler to 
a test pressure of 85 Ib/sq in. The ribs of the cooler must 
not 4ouch each other and the partition plate must not 
be loose. Renew the two gaskets when re-installing the 
cooler and make sure the retaining nuts and the bracket 
are tight. 


The oil pump; 

The location of the pump can be seen as item 27 
below the crankshaft pulley in FIG 1 ;2. To remove the 
pump: 

1 Remove the engine rear coverplate as indicated in 
FIG 1 :6. 

2 Remove the fan pulley with an extractor, using the 
slots provided. 

3 Remove the sheet metal pulley cover. Remove the oil 
pump cover nuts and take off the cover and gasket. 
Lift out the gears. The parts are shown in FIG 1 :20. 

4 To withdraw the pump housing make up a bridge 
piece from flat steel so that the two ends are bent 
down at rightangles and straddle the pump flange. 
Make a threaded bolt with prongs which fit inside the 
pump housing passages and have the bolt long 
enough to protrude through a central hole in the 
bridge piece to take a nut. Tighten the nut and draw 
the pump housing out of the crankcase, 

Wear will result in loss of pressure. Check the backlash 
between the gear'teeth with feeler gauges. The permis¬ 
sible backlash is .001 to .003 inch. With the gears in 
position and the housing face free from old gasket 
material, place a straightedge across the face and measure 
the clearance between the straightedge and the gear 
faces. This should not exceed .004 inch. Wear of the 
coverplate face will make this clearance excessive so 
renew all the parts needed to reduce the clearances. The 




FIG 1 :19 Removing oil cooler with cranked spanner 


FIG 1 ; 20 Component parts of oil pump 


Keyto Fig 1:20 1 Pump housing 2 Cover 

3 Gasket for housing 4 Gasket for cover 5 Driving gear 
6 Idler gear 



FIG 1 :21 Location of distributor drive shaft arrowed. 
Note offset driving dogs on end of distributor shaft 
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FIG 1:22 Distributor drive shaft 

Keyto Fig 1:22 1 Offset dogs driving distributor 2 Thrust 
W 3 sher(s) 3 Spring 4 Fuel pump operating eccentric 



FIG 1:23 Section through flywheel mounting 


KevtoFig1:23 1 Flywheel 2 Gland nut securing flywheel 
3 Gland nut lockwasher 4 Main drive shaft 5 Retainer 
6 Felt sealing ring 7 Needle roller bearing 8 Crankcase 
9 Crankshaft 10 Crankshaft bearing 11 Flywheel locating 
dowels 12 Flywheel gasket 13 Crankshaft oil seal 


idler gear pin must not be loose in the housing. If peening 
will r\ot lock It in place, renew the housing and also the 
pin if worn. The outer end of the pin must be .02 to .04 
inch below the housing face. 

To install the punnp turn the engine until the pump 
driving slot in the end of the camshaft is vertical. Fit the 
pump housing and gears, using a genuine .003 inch 
gasket without jointing compound. Fit the cover with 
a similar gasket without compound. Run up the cover 
nuts finger tight. Turn the engine over for two complete 
revolutions. This will centre the driving slot and tongue, 
Make sure the housing does not move and tighten the 
cover nuts. 


1 :9 The distributor drive shaft 

The location of the drive shaft is indicated by the 
arrow in FIG 1 :21. Note the offset driving dogs on the 
distributor shaft. Assuming that the distributor has 
already been removed, remove the fuel pump. Remove 
the pushrod housing after the pushrod has been lifted 
out. In this case blank off the hole so that nothing can be 
dropped into the crankcase. Adhesive tape will do, 

1 Extract the small spring 3 from the top of the drive 
shaft, see FIG 1 :22. 

2 Set No. 1 cylinder to the firing point on the compression 
stroke and devise an expanding tool which will grip 
the bore of the shaft and enable it to be turned to the 
left and lifted out at the same time. It might be possible 
to tap a piece of hardwood into the slot and use it to 
lift out the shaft. 

3 There are two washers under the drive shaft. Hook 
these out or use a magnet if the engine is installed. 
If the engine is out of the vehicle turn the crankcase 
upside down so that the washers fall out. Be very 
careful not to drop these washers into the crankcase. 
During reassembly a piece of rod is used as a guide to 
ensure ihat this cannot happen. 

4 Check the drive gear and fuel pump eccentric for wear. 
If the gear teeth are worn it will be advisable to check 
the drive gear on the crankshaft as well. Renew the 
washers under the drive shaft gear If they are worn. 
Set the pulley notch in line with the crankcase joint as 

shown in FIG 1 :4. No, 1 piston will then be at the top 
of its compression stroke and both valves will be closed. 
Fit the two washers by sliding them down a piece of rod 
which locates in the housing. Install the driving shaft in 
the position shown in FIG 3:4 in Chapter 3. Looking 
down on the end of the shaft the large offset should be 
at the front and the slot should be at right angles to the 
crankcase joint line. Insert the small spring, guiding it 
down a piece of rod to ensure that it locates in the shaft 
recess, Install the distributor and set the ignition timing 
as instructed in Chapter 3. Refit the fuel pump. 

Remember that if the engine is completely dismantled, 
the oil pump, the cover plate under the pulley and the 
crankshaft pulley itself must be fitted before the distributor 
shaft. 


1 :10 Removing and refitting the flywheel 

Refer to FIG 1 :23 for details of the flywheel assembly. 
The flywheel is located on crankshaft 9 by four dowel 
pins 11 and secured by the large central gland nut 2. 
Inside the nut is a needle roller bearing 7 which supports 
the rear end of the transmission drive shaft, An oil seal 13 
is fitted into a recess in the crankcase 8 and has a lip 
which seals on the flywheel flange. 

Before removing the flywheel it is a'^good plan to check 
the crankshaft end float so that adjustment can be made 
if necessary. Set up a dial gauge so that the plunger 
bears on the flywheel face. Drive the crankshaft back¬ 
wards and forwards to the limit of its movement, using a 
soft-faced hammer, and record the total float indicated. 
Adjustment is needed if the float exceeds .006 inch. The 
correct figure is between .002 and .005 inch. The flywheel 
must be removed to gain access to the adjusting shims 12. 
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Removing the flyNA/heel: 

Remove the clutch and clutch driven plate. Prevent the 
flywheel from turning. The official VW tool spans 
several starter gear teeth and is bolted to the casing, and 
a similar device could be fabricated. Remove the nut, 
which is extremely tight, and pull off the flywheel. 

Check the starter gear teeth for damage. A VW Service 
Station can have the teeth re-machined by removing up 
to .08 inch on the clutch side of the teeth and re¬ 
chamfering them. Check the dowels for wear and 
looseness. Wear in the dowel holes can be cured by 
having new holes drilled by a Service Station. Check the 
needle bearings In the gland nut for wear. A section 
through the nut is shown in FIG 1 :23. Prior to 1955 a 
bronze bush was used in the gland nut and this cannot 
be replaced by the needle bearing type. 

Adjusting the end float: 

On removing the flywheel, note that there is a sealing 
gasket 12 fitted over the dowels on most models. Early 
cars had a paper gasket which compressed to .006 inch. 
The gasket and dowels are clearly shown in FIG 1 :24. 

Always use a genuine replacement gasket. Later 
cars had a metal gasket and recent models have a sealing 
ring and no gasket. Note also the adjusting shims for end 
float, usually three in number. Shims are available in 
various thicknesses and. knowing the dial indicator 
reading for excessive end float and using a micrometer on 
the shims it is possible to calculate the thickness 
required to bring the end float to the correct figure. 
Subtract the required end float from the measured float. 
Do not use more than three adjusting shims and never 
use more than one gasket. Remember that the thickness 
of the gasket will affect the end float. 

Renewing crankcase to flywheel oil seal: 

While the flywheel is off, examine the seal and the 
flywheel flange for signs of damage and leakage. Polish 
the flywheel flange if there is any roughness where the 
seal lip contacts it. To renew the seal, prise out the old 
one and clean out the crankcase recess. It helps to 
chamfer the outer edge of the recess with a scraper to 
facilitate fitting the new seal. 

Coat the recess with sealing compound and press the 
seal into place with the lip facing inwards. FIG 1 :25 
shows the operation, the centre bolt of the VW tool being 
screwed into the crankshaft. The seal must bed down 
squarely in The recess. 

Replacing the flywheel: 

Clean the mating surfaces thoroughly and smear the 
oil seal contact surface with oil. Fit a new gasket over 
the dowels. Look for the out-of-balance marks on the 
crankshaft, flywheel and clutch. The crankshaft mark is a 
paint dot on the side of the hole for the gland nut. The 
flywheel has a paint dot and a small hole on the clutch 
face. The clutch has a paint-line on the outer edge of the 
pressure plate. Not all three components need have 
out-of-balance marks. Using the crankshaft mark as a 
datum, fit the flywheel and clutch with their marks 
spaced out 120 degrees apart, If only two components 
are marked space them 180 deg. apart. 



FIG 1:24 Flywheel removed showing dowels and 
gasket 



FtG 1 :25 Fitting a new crankshaft oil seal 


Before fitting the gland nut smear 1 gram of universal 
grease in the roller bearing. If a check of the bearing and 
the spigot on the end of the transmission shaft reveals 
excessive clearance it is possible to obtain undersize 
bearings which have a bore .0032 inch smaller than 
standard. Excessive clearance may be responsible for 
chatter on clutch take-up. Tighten the nut with a torque 
wrench set at 217 lb ft. 

Check the flywheel for run-out. Maximum run-out of 
the face when measured on the greatest diameter should 
not exceed .012 inch. 

It may be of interest to owners to know that on some 
models a thrust piece and spring were fitted between the 
crankshaft and the rear end of the transmission shaft to 
eliminate noise when idling. The cone-shaped spring has 
its large coil against the crankshaft, in the bore for the 
gland nut. The thrust piece seats on the small end of the 
spring and in the recess in the end of the transmission 
shaft. 
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FIG 1 :26 Top view shows original type of one-piece 
pushrod and cam follower with arrow indicating the flat. 
Lower view is of the later type of separate pushrod and 
cam follower 



FIG 1:27 Early connecting rodon leftshowing securing 
bolts. Later type on right uses fixed bolts, and nuts. 
Arrows indicate marks which must be upwards on 
installation 


1 ;11 Dismantling the crankcase 

According to model, do the following: 

1 Remove the oil strainer, the oil pressure switch and the 
oil pressure relief valve if not already removed. 

2 Remove the oit filler. 

3 Unscrew the crankcase nuts and tap on the righthand 
half of the case with a rubber hammer. Do not 
attempt to drive a screwdriver between the 
joint faces. Before parting the case it will be neces¬ 
sary to remove the throttle ring bearing shaft of the 
air regulator on earlier models, it will also be helpful 
at this point to indicate the differences between the 
models. Before the engine was redesigned, through- 
bolts held the halves together, whereas studs are now 
used. There are six 32 mm and twelve 8 mm studs, two 
8 mm through bolts and a third which also acts as a 
hinge pin for the original type of air regulator valve. 


On either side of the front camshaft bearing are two 
8 mm studs with nuts tightened on the outside. Here 
lies the major difference between this and the earlier 
engine which had two short bolts hidden behind the 
flywheel, so that the flywheel had to be taken off to 
get at them. 

Before parting the crankcase halves it will also be 
useful to consider making some spring clips to hold 
the cam followers in place on later engines. This will 
stop the followers from falling out and will be particu¬ 
larly useful when reassembling. The clips are coiled 
up from stout wire like the spring end of a safety pin 
and the two legs span a pair of followers to grip and 
hold them In place. 

4 Lift out the camshaft and crankshaft, the crankshaft 
oil seal and the blanking plug at the flywheel end of the 
camshaft. Lift out the cam followers. On early engines 
with integral pushrods and followers, remove the 
guide plates from the crankcase if necessary. These 
plates prevent rotation of the cam followers and can 
be seen in FIG 1 :28. Both types of pushrods and 
followers are shown in FIG 1 :26. 

5 Lift out the camshaft bearing shells and the main 
bearing shells for No. 2 crankshaft bearing, which is 
the second from the flywheel end. Lightly mark the 
backs of the shells so that they can be restored to 
their original positions if they are not renewed. Do not 
mark in such a way that burrs are raised. Note that 
early engines had camshafts which ran directly in the 
crankcase, but when the 1966 models were introduced, 
renewable bearing shells were fitted instead. End thrust 
was then taken by flanged shells next to the timing gear. 
The camshaft remains unchanged. 

6 Clean the crankcase halves, removing old jointing 
compound with a solvent. Be particularly careful not 
to raise burrs on the mating faces through careless 
handling. These faces must be absolutely flat and true. 
Examine the halves for cracks or damage and the 
camshaft bearings in early engines for scoring and 
excessive wear. On all types of engines the bores of the 
camshaft and crankshaft bearing housings can be 
measured with precision instruments to check for wear. 
The ‘crush’ on the main bearing shells should be about 
.002 inch to ensure that they are tightly gripped when 
the crankcase is assembled. It is possible to obtain 
factory-reconditioned crankcases fitted with main 
bearing shells which are oversize on the outside 
diameter. These crankcases are stamped P when the 
mating surfaces have been planed to bring them 
closer together. Crankcases with oversize bores for the 
main bearings are stamped 0. Further checks on the 
crankcase would include the condition of the bores 
for the cam followers, and the tightness of studs. The 
tapped holes for studs can be restored by fitting 
Helicoil inserts. Also check the fit of the main bearing 
locating dowels. If the suction pipe to the oil pump is 
loose, peen round the hole to tighten it. Finally, clean 
out all oilways with compressed air. If any bearing 
metal has run' it is essential to clean out all particles 
of alloy from every oil passage. Finish off by injecting 
clean engine oil before reassembling. The operation of 
reassembling the crankcase is covered later, after the 
crankshaft and camshaft have received attention. 
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1:12 The crankshaft and connecting rods 

Checking crankshaft end float has been covered in 
Section 1:10. When the crankshaft is lifted out 
complete with connecting rods, it can be seen that, 
counting from front or flywheel end. Nos. 1,3 and 4 main 
bearings are one-piece bushes, the flanges on No, 1 
bearing taking end thrust. No. 2 bearing is of the split 
type. A limited number of engines were made with all the 
bearings of the split type, and some with No. 2 bearing 
taking crankshaft end thrust. At the rear end the shaft 
carries a concave oil thrower, No. 4 main bearing, a 
retaining ring for the distributor drive gear, which is keyed 
to the shaft with a Woodruff key and then a spacing ring 
followed by the small timing gear also keyed with a 
Woodruff key. Lastly comes No. 3 main bearing bush. 
Remove all these parts after prising out the fan pulley key 
from the extreme rear of the crankshaft. Observe the fit 
of the gears, as these should be a press fit on the shaft. 
To facilitate removal, heat the gears to about 176 deg. F. 
Remove the front main bearing bush. 

Removing and servicing connecting rods: 

Refer to FIG 1 ;27 which shows the original type of 
rod having bolts to segure the cap. The latest type of rod 
uses bolts which are captive in the cap, together with 
securing nuts. Note that identification numbers are 
stamped on both rod and cap. If in doubt, mark the rods 
lightly so that they can be restored to their original 
positions on reassembly. Remove as follows: 

1 Unscrew the clamping bolts or nuts and remove the 
caps. Lift out the bearing shells, noting the locating 
tags and notches. If it is likely that the same shells will 
be used on reassembly, mark them very lightly on the 
back for correct location. 

2 Check the weight of the rods. Any variation should not 
exceed 10 grams. Any rod which is outside the weight 
limit should be taken to an authorized VW agent for 
attention, as metal should only be removed at precise 
locations. 

3 Check the fit of the gudgeon pin. It should be a light 
push fit at room temperature. Normally the clearance 
should be between .0004 and .0008 inch, with a wear 
limit of .0016 Inch. Do not try to fit an oversize pin to 
overcome excessive clearance but have a new bush 
fitted and reamed to suit. 

4 Check the connecting rod alignment. One of the signs 
of a bent rod is offset marking of the piston skirt. If 
there is bright wear above the gudgeon pin hole on one 
side and similar marking below the hole on the other 
side the piston has been tilted in the bore due to a bent 
connecting rod. In expert hands a bent rod can be 
straightened, but the alignment check needs very 
accurate mandrels and gauging equipment. 

5 Assemble each rod in turn on its crankpin, tightening 
the bolts to a torque of 32 ±4 lb ft, using Plastigage 
for checking the running clearance. While assembled, 
check the end float, which should be .004 to .016 Inch. 
Dismantle the rod and measure the thickness of the 
Plastigage. The running clearance should be .0008 to 
.003 inch. Worn shells can be renewed, but it is also 
essential to check the crankpins for wear and ovality 
if clearance is excessive. Nominal diameter is 2.1654 
inch. 


6 Maximum permissible ovality of the crankpins is .0012 
inch. The same figure also applies to the main bearing 
journals. Anything in excess of this calls for a new or 
reground crankshaft and bearings. Regrind undersizes 
are approximately the equivalent of —.010, —.020 
and —.030 inch. 

7 Renew all bearing shells which are scored or have 
bearing metal breaking away. Never try to adjust 
the running clearance by filing the caps or the 
shells. It is not necessary to scrape the bearing 
surfaces of the shells. Make sure the tags on the shells 
fit into the notches in the connecting rod and cap. 

8 When refitting connecting rods, oil the bearing 
surfaces liberally. When the bolts or nuts are tightened 
to the correct torque figure the rods should fall from 
the horizontal position under their own weight. Light 
taps with a hammer on the outer faces of the cap 
will help to settle the parts Into their correct relation¬ 
ship and may help to ease a tight bearing. Refer to 
FIG 1 :27 and note the forged marks arrowed on the 
shank of each rod. These marks must face upwards in 
an assembled engine. 


The crankshaft and main bearings: 

At one time all the main bearings were of aluminium 

alloy but recent engines have a No. 2 main bearing of 

steel-backed lead alloy. This is the one which is split. 

Check journals and bearings as follows: 

1 Look for scored journals on the crankshaft and check 
that ovality does not exceed .0012 inch. If the shaft 
can be supported in V-blocks for a check on run-out, 
this must not exceed .001 inch at the 2nd and 4th 
journals with the other two supported In the blocks. 

2 Measure the bores of the bearing bushes and the 
corresponding journals. Running clearance when new 
is .001 to .004 inch after allowing for the .002 inch 
by which the crankcase halves 'crush' the bearings. 
The wear limit is .0072 Inch. The most effective way to 
measure the bores is to assemble the bearings in the 
crankcase with the nuts fully tightened. 

3 Worn crankshafts can be reground as indicated in the 
preceding notes bn worn crankpins. It is best to fit a 
factory reground shaft as the dimensions for the fillet 
radii joining the journals to the crank webs are very 
important. The crankshaft will also be carefully tested 
for cracks. 

4 It may be of interest to some owners to know that the 
journal diameters were increased in August 1960, 
Before this, the standard connecting rod journal 
diameters and those of main bearings 1 to 3 were 
1.9681 inches and No. 4 was 1.5748 inches. After that 
date the diameters of the connecting rod journals and 
main bearings 1 to 3 were 2.1650 inches and that for 
No. 4 was 1.5748 inches. 

5 Before refitting a crankshaft, check the following 
points. Make sure the bearing shell dowel pins are 
tight. If they are loose, new holes can be drilled by a 
VW Service Station. Any foreign matter embedded in 
the working surfaces of the bearing shells should be 
carefully scraped out without removing any bearing 
metal. Radius the sharp edges of the oil holes In the 
crankshaft, especially after a regrind. If it was obvious 
when removing the drive gears that they would not 
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FIG 1 :28 Crankshaft removed, showing front bearing 
drilled for dowel 


be a tight press fit on the crankshaft when,they were 
replaced it will be necessary to check whether new 
gears would be a cure or whether the crankshaft ought 
to be built up and ground to the correct size. Clean out 
all oilways with compressed air or by forcing paraffin 
through under pressure and then inject clean engine 
oil. Reassembling the crankshaft in the case will be 
covered in Section 1:14. 

1:13 The camshaft and followers 

When the crankcase was split, removal of the camshaft 
was possible. Note that the camshaft journals ran 
directly In the crankcase on early engines, as in FIG 1 :28. 
Later engines from August 1965 are provided with 
replaceable bearing liners located by tags and notches. 
No. 3 liner has flanges to take camshaft end thrust. The 
large timing gear is riveted to the camshaft permanently. 

FIG 1 :26 shows the two designs of pushrods and cam 
followers. The early type had an integral pushrod and 
follower, the latter having a flat on one side which 
prevented rotation, being guided by a D-shaped hole in 
a guide plate bolted to the crankcase. When the re¬ 
designed engine was introduced in August 1960, the 
original type was superseded by separate pushrods and 
cam followers. The followers were larger in diameter and 
did not need guide plates, being free to rotate. With the 
change from .the 30 to the 34 bhp engine the camshaft 
bearings were increased in diameter. 

Service the camshaft and bearings as follows: 

1 Check the rivetting of the timing gear to the camshaft. 
Check the cams and bearing surfaces for excessive 
wear. The cam faces must be smooth and square, but 
light scoring can be smoothed down with a very fine 
oilstone. 

2 If the camshaft can be mounted between centres, 
check the runout of the centre journal, which should 
not exceed .0008 inch. When installed, the end float of 
the camshaft should lie between .0024 and .0045 inch 


with a wear limit of .0055 inch. For engines before No. 
5067818 the end float is .0012 to .0033 inch, and 
early 30 bhp engines should have a float of .0008 to 
.0029 inch. Renewal of the rear bearing liner may effect 
a cure for excessive float providing the thrust faces of 
the camshaft are not worn. When installed, bearing 
running clearance should lie between .0008 and .002 
inch with a wear limit of .005 inch. Remember that 
there Is a ‘crush’ on the bearing liners when assembled 
in the crankcase and this affects running clearance by 
reducing it. 

3 Examine the bearing shells for wear and scoring. It is 
a good plan when renewing the shells to lightly 
chamfer the edges of the crankcase bores at the 
crankcase mating surfaces to prevent pressure on the 
shells causing seizure. Be careful to fit the tag on the 
shells into the notches in the crankcase. 

4 The backlash between the timing gears can only be 
checked while the crankshaft is installed, so refer to 
the reassembly operations. With the crankshaft serviced 
and fitted into one half of the crankcase, fit the 
camshaft and rock the timing gears back and forth 
with both hands, at all points during a complete 
revolution of the large gear. The minimum backlash is 
desirable, the clearance lying between .0004 and .002 
inch. Excessive backlash due to wear can be cured by 
fitting a new camshaft with an oversize gear, The pitch 
radius of the teeth is increased from standard in steps 

ri? mm and the gear is marked on the camshaft 
side with -f-1, .-j-2 and so oh. There are also under¬ 
sizes marked —1 and so on, with a standard gear 
marked 'O'. Do not confuse the '0' to indicate size, 
with the timing mark which is stamped near a tooth 
on the rear face of the gear. 

Servicing camshaft followers: 

First we will consider the original type of one-piece 
pushrod and follower. This can be seen in FIG 1 :26. 
The follower has a flat on it and a guide is bolted to the 
crankcase with a D-shaped hole in it through which the 
follower is assembled and which stops it from rotating. 

Unlocking a tab washer and removing one nut will 
permit the removal of each of the four guides from 
inside the crankcase halves. Renew if worn. When 
correctly fitted, the clearance between the flat on the 
follower and the guide plate should lie between .0004 and 
.0008 inch and slight setting of the plate is possible, but 
be careful that the plate does not shift when the nut is 
tightened. Excessive wear can be cured by fitting over§lze 
cam followers. Adjustment is correct when an oiled 
follower and pushrod assembly will fall through under its 
own weight without perceptible side clearance. As the 
rod is part of the assembly, checking for wear should also 
include an examination of the ball end which fits in the 
rocker. Check the faces of the cam followers where they 
bear on the cams. Deep scoring calls for renewal. 

Separate cam followers should be checked for wear 
on the face. Deep scores and breakdown of the surface 
will alsd probably be accompanied by excessive clearance 
in the crankcase bores, so that renewal is indicated. 
When new the clearance is between .001 and .002 inch. 
If it exceeds .005 inch the cam followers may be worn, 
but there is also the possibility that the crankcase halves 
will need renewal too. While checking the followers, 
examine the pushrod ends for signs of undue wear. 
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1:14 Reassembling the engine 

Assuming that all servicing of the individual parts has 
been done according to the instructions in the preceding 
sections, it is now possible to proceed with the assembling. 
Do the following, observing absolute cleanliness and 
lubricating all working surfaces liberally: 

1 Insert the cam followers in the lefthand case. Insert the 
bearing shell dowel pins for the main bearings, if they 
were removed. FIG 1 :28 shows the dowels and the 
drilled bearing a! the front end. 

2 Assemble the connecting rods to the crankshaft as 
instructed in Section 1:12 and lower the shaft into 
place. Make quite sure that the shells are properly 
seated in the main bearing housings. The oil thrower 
at the fan pulley end must have its concave face to the 
rear. 

3 Install the camshaft with the timing gears correctly 
meshed. The O mark on the large wheel should mesh 
between the dots on the two crankshaft gear teeth as 
shown in FIG 1 :29. Fit the sealing plug at the flywheel 
end of the camshaft, coating it with jointing compound 
first (see FIG 1 : 30). Fit the oil seal at the flywheel end 
of the crankshaft. 

4 Prepare the righthand half of the crankcase by fitting 
the cam followers. These will need holding In place 
with the spring clips mentioned during dismantling. 
This will not. of course, apply to the early engines 
which have combined pushrods and cam followers. 

5 Check that the mating surfaces of the crankcase 
halves are perfectly clean and free from burrs. Smear 
a thin and even film of jointing compound on the faces, 
being careful to keep it well away from the oil passages 
in the main and camshaft bearings. Join the halves 
together and fit the nuts. If. with moderate tightening, 
the crankshaft cannot be turned, split the case again 
and determine what is wrong. Start to tighten the 
securing nuts in the correct sequence. First do the 
8 mm nut adjacent to the 12 mm nut for No. 1 main 
bearing at the flywheel end of the case. Tighten this 
nut to 14 lb ft and then do the remaining nuts part of 
a turn at a time until they are all tight. The torque 
figure for the 12 mm nuts is 24/26 lb ft. 

6 On early engines do not forget that there are two 6 mm 
bolts and nuts near the front camshaft bearing and that 
these must be fitted before the flywheel. Of the remain¬ 
ing nuts, the six 10 mm nuts must be tightened to 22 
lb ft and the ten 8 mm nuts to 15 lb ft. 

7 Fit the oil relief valve and the oil pressure switch. 
Remove the spring clips from the cam followers in the 
righthand half of the case, 

Continue with reassembling in the reverse sequence to 
dismantling. Fit the oil pump and the cover plate under 
the fan pulley. Fit the pulley, tightening the bolt to a 
torque of 40/47 lb ft. Fit the oil strainer and cover plate. 
Fit the flywheel, tightening the retaining nut to a torque 
of 217 lb ft. A long steel bar or piece of angle iron bolted 
to the flywheel face by two bolts in widely-spaced clutch 
fixing holes will hold the assembly while the central nut 
is tightened. Assemble the pistons to the connecting rods 
and fit the cylinder barrels. Hold these down with some 
temporary clamps if the crankshaft is to be turned before 
the heads are put on. Fit the pushrods and tubes and 
replace the cylinder heads, referring to Section 1 :5 for 
details of gaskets required. Note that on engines fitted 



FIG 1:29 Setting the camshaft timing. Tooth marked 
'0' on large gear meshes between two teeth on smaller 
gear marked with dots 



FIG 1:30 Camshaft lifted out showing early-type 
crankcase without camshaft bearing liners. Note plates 
which prevent rotation of cam followers. Arrow indicates 
sealing plug 

with the original type of heater installation without the 
later type of heat exchangers in the exhaust system, must 
have a gasket between the head and the spigot down the 
barrel near the first fin, as shown in FIG 1 :12. This is 
intended to ensure that combustion gases cannot enter the 
air cooling system and so contaminate the hot air to the 
car interior. The actual sealing between the head and 
barrel is made without a gasket. It will be found much 
easier to fit the cylinder heads if the crankcase is set so 
that each pair of cylinders is vertical and upright in turn. 
Remember to fit the air deflector plates. Also make quite 
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sure that the pushrods are correctly located when 
reassembling the rocker gear. Adjust to the correct 
clearance. 

It will probably be as well to wait until after the engine 
is refitted in the car before fitting the distributor and its 
drive and the fuel pump. Details of correct ignition timing 
are given in Chapter 3. 

Take extreme care when fitting the clutch cover, using 
a mandrel to centre the driven plate. This Is not necessary 
if the clutch was not removed from the flywheel. Refer to 
Chapter 5 for details of centring the driven plate. Keep 
the engine square with the transmission shaft and proceed 
with the operation after referring to the instructions In 
Section 1 :3. 

Fill the sump with oil of the correct grade. In cases of 
difficulty with the silencing and air cooling arrangements, 
refer to Chapter 4. The instructions will cover the setting 
of the air regulating ring on vehicles with the original type 
of air cooling and heating system, and also the adjustment 
of the fan belt. 

Adjust the accelerator cable correctly according to the 
notes in Chapter 2 and carry out final adjustment of the 
slow-running after the engine has reached normal 
running temperature. 


1:15 Fault diagnosis 

(a) Engine will not start 

1 Defective ignition coil, but check that carbon brush 
in distributor cap contacts rotor arm 

2 Faulty distributor capacitor (condenser) 

3 Dirty, pitted or incorrectly set contact breaker points 

4 Ignition wires loose, insulation faulty 

5 Water on sparking plug leads 

6 Battery discharged, corrosion of terminals 

7 Faulty or jammed starter 

8 Sparking plug leads wrongly connected 

9 Vapour lock in fuel pipes 

10 Defective fuel pump 

11 Overchoking or underchoking. Check automatic 
choke 

12 Blocked pump filter or carburetter jets 

13 Leaking valves 

14 Sticking valves 

15 Valve timing incorrect 

16 Ignition timing incorrect 

(b) Engine stalls after starting 

1 Check 1. 2, 3. 4. 5, 10, 11, 12, 13 and 14 in (a) 

2 Sparking plugs defective or gaps incorrect 

3 Retarded ignition 

4 Mixture too weak 

5 Water In fuel system 

6 Fuel tank breather pipe blocked 

7 Incorrect valve clearances 

(c) Engine idles badly 

1 Check 2 and 7 in (b) 

2 Air leaks at manifold joints 

3 Carburetter idling adjustment wrong, pilot jet blocked 

4 If fast idle, automatic choke not switching off 


5 Over-rich mixture 

6 Worn piston rings 

7 Worn valve stems or guides 

8 Weak exhaust valve springs 


(d) Engine misfires 

1 Check 1,2, 3. 4, 5, 8, 10, 12, 13, 14, 15 and 16 in (a). 
2, 3, 4 and 7 in (b) 

2 Weak or broken valve springs 

(e) Engine overheats 

1 Weak mixture, ignition over-advanced 

2 Fan belt slipping 

3 Thermostat defective or wrongly set 

4 Control flaps Inoperative, regulating ring incorrectly 
adjusted 

5 Loss of cooling air through badly fitted fan housing, 
ducts and cover plates 

6 Oil cooling system not working 

(f) Compression low 

1 Check 13 and 14 in (a), 6 and 7 in (c) and 2 in (d) 

2 Worn piston ring grooves 

3 Scored or worn cylinder bores 

(g) Engine lacks power 

1 Check 3,10,12,13, 14, 15 and 16 in (a), 2, 3, 4 and 7 
in (b), Sand 7 In (c) and 2 in (d). Also check (e) and (f) 

2 Leaking joints and gaskets 

3 Fouled sparking plugs 

4 Automatic ignition advance not operating 

5 Exhaust system blocked 

(h) Burnt valves or seats 

1 Check 13 and 14 in (a), 7 in (b) and 2 in (d). Also 
check (e) 

2 Excessive carbon round valve seats and head 

(j) Sticking valves 

1 Check 2 in (d) 

2 Bent valve stems 

3 Scored valve stems or guides 

4 Incorrect valve clearance 

(k) Excessive cylinder wear 

1 Check 11 in (a) and check (e) 

2 Lack of oil 

3 Dirty oil 

4 Piston rings gummed up or broken 

5 Badly fitting piston rings 

6 Bent connecting rods 

7 Dirt under cylinder mounting flanges 

(l) Excessive oil consumption 

1 Check 6 and 7 in (c) and check (k) 
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2 Ring gaps too wide 

3 Oil return holes in pistons choked with carbon 

4 Scored cylinders 

5 Oil level too high 

6 External oil leaks, check oil cooler 

7 Incorrect grade of oil 


(m) Crankshaft and connecting rod bearing failure 

1 Check 2 in (k) 

2 Restricted oilways 

3 Worn journals or crankpins 

4 Failure of oil pump, oil cooler, relie'f valve or strainer 

5 Loose bearings, loose connecting rod caps 

6 Bent connecting rods or crankshaft 


(n) High fuel consumption 

1 Vehicle in poor mechanical condition 

2 Bad driving habits, excessive acceleration in low gears 

3 Incorrectly adjusted ignition and carburation 

4 Flooding of float chamber 

5 Automatic choke not working properly 

6 Fuel leakage 

7 Incorrect jet sizes 

(o) Engine vibration 

1 Loose generator mounting 

2 Fan out of balance 

3 Clutch and flywheel out of balance 

4 Misfiring due to mixture, ignition or mechanical faults 
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CHAPTER 2 

THE FUEL SYSTEM 


2:1 Description 

2:2 Maintenance of tank and gauges 
2:3 Fuel pump description 
2:4 Fuel pump servicing 
2:5 Carburetter descriptions 
2:6 Carburetter cleaning and adjustment, type 
28 PCI 

2:7 Carburetter removal and servicing, type 28 
PCI 

2:8 Carburetter adjustment, types 28 and 30 
PICT 


2:1 Description 

The fuel tank on cars is fitted in the front compartment. 
Until 1960 there was a three-position fuel tap which was 
fixed to the tank and which had a manual control inside 
the car. This arrangement was superseded by a fuel gauge 
with a mechanical connection to a float in the tank. 

Pipe lines carry the fuel to a mechanical pump mounted 
on the engine and driven by an eccentric cam on the 
distributor drive shaft. Up to 1960 the pump was of the 
type shown in FIG 2:1. This was followed, in August 
1960, by the type shown in FIG 2:2. FIG 2:4 shows the 
most recent type with the filter fitted in the side. 

The pump delivers fuel to a downdraught carburetter 
fitted with an air cleaner. Carburetter types range from 
early models with manual choke control to later types 
with automatic choke control. Diaphragm-operated 
accelerator pumps are fitted to all models to give a 


2 :9 Carburetter removal and servicing, types 28 
and 30 PICT 

2:10 Carburetter adjustment, types 28 and 30 
PICT-1 

2:11 Carburetter removal and servicing, types 28 
and 30 PICT-1 

2:12 Electromagnetic pilot jet 
2:13 The accelerator cable 
2:14 The air cleaner 
2:15 Fault diagnosis 


richer mixture when sudden demands are made on the 

engine. 

2:2 Maintenance of tanks and gauges 

Removing fuel tank : 

1 Lift out the spare wheel, jack and tools and remove the 
luggage compartment lining. Lift the cover off the fuel 
gauge sender unit and disconnect the cable. 

2 According to model, close the fuel tap and disconnect 
the hose from the pipe or pull the hose off the main 
fuel line and seal it, the hose and clip remaining on the 
tank pipe. Remove the breather pipe from the filler neck. 

3 On early models, remove the righthand road wheel and 
disconnect the fuel tap operating rod by removing the 
splitpin from the tap. 

4 Unscrew the four tank mounting screws and lift out 
the tank. 
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FIG 2:1 The fuel pumpfitted prior to 1960. The tubular 

gauze filter is removed by unscrewing the top hexagon 
plug 



FIG 2:2 A fairly recent fuel pump with a disc-type^ 
gauze filter under the top cover. The most recent type is 
shown in FIG 2 ; 4 


Reinstalling fuel tank: 

The tank must be cleaned by blowing out with com¬ 
pressed air. When refitting the tank In the reverse order 
to dismantling, renew the anti-squeak packing if it is 
damaged- On cars so fitted, check that the tap operating 
rod IS neither tight nor too free in the grommet in the body. 
If tight, use a little French chalk or brake fluid, keeping 
fluid off the paintwork as it will cause damage. 

Adjusting mechanical fuel gauge: . 

if the tank has been disturbed it will be necessary to 
reset the fuel gauge. This is best done with an empty tank. 
First remove the luggage compartment lining to reach the 
rear of the instrument panel and the sender unit in the 
top of the tank. Remove the unit cover. Examine the back 
of the gauge where a knurled screw will be found and an 
arrow marked on the case- 

Enlist the aid of someone to watch the gauge needle 
inside the car. Press on the sender unit lever to which the 
cable is attached to ensure that the float inside the tank 
is at its lowest position. Turn the knurled screw on the 
back of the gauge in the direction of the arrow until the 
needle is at zero. In this position there is about one gallon 
of fuel left in the tank when the needle is on the 'R' mark. 
If the sender unit is removed from the tank at any time, 
renew the cork gasket under the flange on replacement, 
and adjust the gauge. 


2:3 Fuel pump description 

The principle of operation is the same for all types and 
FIG 2:3 should be used for reference. This is a section 
of the pump shown m FIG 2:2, as fitted to later vehicles. 
Note, however, that the most recent models are fitted 
with a tubular filter in the side of the pump. Under the 
top cover of this latest pump there is a diaphragm- 
operated valve which stops the flow of fuel when the 
engine is not running. On starting up, pressure of fuel 
opens the valve. 

Pushrod 10 in the sectioned illustration is driven to and 
fro by an eccentric on the distributor drive shaft. This 
operates lever 9 which flexes diaphragm 5 through a pull 
rod. The diaphragm is pressed upwards by spring 6. 
Suction valve 3 takes fuel from the clean side of filter 11 
and delivery valve 12 passes fuel to the carburetter. 

When the diaphragm moves downwards the partial 
vacuum in the chamber above it causes valve 3 to open 
and fuel is drawn in. On the upward stroke of the dia¬ 
phragm, aided by spring 6, the suction valve closes and 
delivery valve 12 lifts off its seat to allow fuel to be pumped 
through outlet 13 to the carburetter. 


Servicing fuel tap: 

1 Remove the stop screw and the lockscrew for the ring 
screw on early models. On more recent three-way taps, 
press down the ring with a piece of tubing and remove 
the circlip. Pull out the tap and rubber seal. 

2 Clean the filter with fuel and a brush. Do not use rag. 
Clean all the parts and dry them with compressed air, 
not rag. Renew the rubber seal if defective. Always 
use a genuine factory replacement which is proof 
against all kinds of fuel. 

3 Reassemble in the reverse order. 


2:4 Fuel pump servicing 

Routine maintenance is confined to filter cleaning. Do 
this every 3000 miles on vehicles up to 1965 and every 
6000 mites on models after August 1 965. Shut off the 
fuel supply, on later models by fitting a clamp to the 
flexible hose. Remove cover 2 and lift out the disc-type 
filter 11. On other models remove the hexagon-headed 
plug as shown in FIGS 2:1 and 2:4 to reach the tubular 
filter. Clean filter gauzes with fuel and a brush, never a 
fluffy rag. When refitting the filter, renew the gasket if it 
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is hard or damaged In the case of the pump with the 
circular filter, do not overdo tightening of the screw. 

After completing this operation, run the engine and 
check that there is no fuel leakage from the cover or 
hexagon plug. 

Removing and dismantling fuel pump; 

Disconnect the pipes from the pump, unscrew the two 
flange nuts and lift off the pump. It is important to 
remove the pushrod next, followed by the inter¬ 
mediate flange and gaskets, These parts are all shown m 
FIG 2:5. 

Remove the filter. On early models like that shown in 
FIG 2:1, remove the pump cover (six screws), press 
down on the diaphragm and disconnect it from the 
rocker arm. On all models remove the rocker fulcrum pin 
by driving it out after removing a spring ring, if fitted. 
On later models remove the inspection cover (two screws), 
and use a screwdriver to remove the rocker return spring. 
On the early pump the spring is removed after unscrewing 
a slotted plug at the bottom. On later models the six 
flange screws can now be removed, the diaphragm 
pressed down and the rocker arm removed. 

Check the operation of the valves by sucking and 
blowing at the inlet and outlet ports. The valves on the 
early pump can be removed after three screws have been 
taken out of the retaining plate. Note that the smooth 
lapped faces of the valves contact the seats. If the valves 
do not seat effectively and corrosion of the seats is 
suspected, renew the top half of the pump. 

Inspect the diaphragm and reject it if it is cracked or 
has hardened. Excessive wear of the rocker arm and 
fulcrum pin will also call for renewal. 

Reassembling the fuel pump: 

On early pumps assemble the valves and retainer plate 
and check that the valves operate. Assemble the rocker 
arm and pin, securing the latter with punch marks on the 
body. Fit the rocker arm spring and plug. Replace the 
diaphragm with the spring underneath and engage the 
pull rod with the rocker arm. Nip the pump flange In a 
vice and press the rocker arm 14 mm inwards measured 
from the flange joint face. Fit the pump cover and tighten 
the screws evenly and diagonally, making sure the 
diaphragm is not creased, 

On later pumps, reassemble in the reverse order to 
dismantling, using the preceding method to position the 
diaphragm before tightening the cover flange screws. 
Note that the inlet and outlet pipes should be above the 
side coverplate, and the diaphragm should be flat while 
the screws are tightened. Fill the lower pump chamber 
containing the rocker arm with universal grease. 

Adjusting fuel pump stroke; 

Pumping pressure is determined by correct adjustment 
of the pushrod stroke and also by the strength of the 
spring 6 under the diaphragm as shown in FIG 2:3. 
If stroke adjustment is correct and there Is carburetter 
flooding the spring must be weakened or renewed. If the 
spring is already weak, giving fuel starvation, it can be 
stretched or renewed. 

To adjust the pushrod stroke, fit the intermediate flange 
and gaskets over the pump fixing studs. The oil passage 
in the intermediate flange faces upwards on early models. 



FIG 2:3 Cross-section of the fuel pump fitted after 
1960 


Key to Fig 2:3 1 Gasket 

3 Suction valve 4 Fuel intake 

6 Diaphragm spring 7 Spring 

9 Rocker arm 10 Pushrod 11 Filter 
13 Fuel outlet 


2 Fuel pump cover 
5 Diaphragm 
8 Inspection cover 
12 Delivery valve 



FIG 2:4 The latest type of fuel pump with tubular 
gauze filter removable after unscrewing a hexagon plug 
from the side 
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FIG 2 % Cofnpen«nt9 of tb« pushrod drrvo to tt»« fu«l 
pump 


Tvp« 28 PCI: 

Thi* way filled to models up to Auguv 1860 and can 
bo reodily identified because rt hao a ntsnupllv op«nii»rt 
choke control. scHi FIG 2 6. 

Type 28 PICT 

Thft WPS fitted horn August 1960 in 1963 The mpniMl 
choke control wps dropped and an autompne. choke 
moorporatod. using a bimcnjli< spring Furthot control 
over the automatic choke was made by a vacuum ptston 

Type 28 PICT-1: 

Th« was fmed m 1963 and was nrraWi M) die 28 PICT 
but tha vacuum pcston was changed to a duphtagm 
corurgt see FtC 2 7. iton $ 

Tvp#30PICT. 

With the mteoduction of the 1300 m 1966 a target 
CPrtXPetter ms needed, and thts type WM httan THv 
sutomabc Choke continued as befoie 

Type 30 PICT-1: 

Ttus a the latest type and has been fitted m t«c«ni years 

to both the 1300 and 1500 engines, sa* FIG 2'7. 

Note that the loner T in the type designatton shuum 
that the caibteener is htted with an siilomtaeic choke 
dtvico 


Koy 10 Fig 2 S 1 Pump body 2 pump to dano* 

3 MuiiiUtKi plttnc •nts'mcdiatc Rcrrge A Gaskst*—dangv to 
aankesM 6 PiMtinid 


Always Instoll the interniediate flange before 
inserting the pushrod as there might be a chance 
that the rod could slide through into the crankcase 
The rounded end of the rod should contact the ecconiric 
on the distributor drive shaft. 

On mrrly moduls llio Stroke of the rod is t6 inch Turn 
llio engine ovei and measure the amount Iho rod pro 
tiudes from the Irtiurmudiatc pump mounting flar>ge with 
gaskeiu in place underneath the flange. When rrghi tn. tt>o 
measurement should be 1 14 mchos and when the rod 
IS at full stroke ilto measurement should be 1 34 mdtas 
To adjust the stroke frt the appropriate gaskets under the 
inteimedtate flange Never use fewer gaskets than are 
actuaiiy reQuired 0 « damayo to Uw diaphragm moy resuft 

On later models cany out the preceding opemuon but 
rvM* that aifhough the stroke a stiU .16 inch die amount 
trf puihrod protriKbng at mritmum and mavvnum strpka 
IS 3 and 6 mch respectivelv 

Aoinstalling fuel pump; 

Ftf the laior type of pump so that ihe coverputa faces 
left Resiptitvn ttie flarrga nuts when die engme has 
rsached runrmg temperature but do not ov e rs i g hi an 
Cheek that the rubbar gro m tri carry in g die tud ptpe tt 
ooweedv frtiad m the cngme front co^rpiate 


Operation of 28 PCI carburetter - 

A sectron through the carburener is shown m FIG 2 8 
and th« salient features can b« idonufied Tha voiuniw of 
luei corned m thn flout chambei is controilwd by o float 
and needle valve. When the level of fuel is cortect tlie 
tioat will close the valve and prevent fuel eniuring until 
tho level falls again. Air is drawn down (hioUQh the 
carburetter body past the strangler butlOffly This rnovu- 
merit of oil Is due to a depression in the irilwi inonitolcl 
caused by ths suction of descending pistons on thuir 
inlet sirokos 

To obtain a rich mixture for etanmg from cold, tlw 
strangler butterfly can be closed manuelly by upuraimg 
the conttoi knob. At idling speeds, fuel and dir passing 
down from ttie pilot jct are fed to the mlot manifold 
the volume cotitro) screw, which can be adjirsied to give 
ewn slow running. With the engine running hotter and 
an rtcreased demand for mumire following on tliu 
opening of the ihrottte bunerfly by the aoceteratoi pedal 
an omultffied mitiutc of fuel and ae loaves the mem 
spiavmg nsembfy and patsses down mio the eikrt mani 
fcM Sudden rSemands for extra perfoimancc from th* 
ongKie me mai bv increasir^ the richness of the iruttorc 
through the actron ot a ptanp connected to the ihrocHe 
tpwidte A ^aphragm & flexed SO t^aw Mt fud ttUOugh e 
non return vahe and on the pressure SbOke. so pi^np 4 
to a jet past a secemd noo-retten vefw» Tho fuel then 
omart the man cboAe tube as a nch cmulsron lo pne die 
niittt#« rcQutred for powerful aocefrranon 


2 6 Carburetter descnptkiAS 

There are frve rypet of Sofex downdraught caroteetsers 
to be co vered M thw section and the fof to w w g «• bnof 
des cf ptcnx 


Operation of 28 and 30 PICT and P1CT-t carburet* 

ters 

The section ^lown m RG 2 9 « reprosentabve of aN 
these types but the iohoweig fAffcreiKes shuuld be 
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Fue! Pipe Connection 


Strangler Butterfly 
with Air Valve 



Locking Screw 
for Strangler Cable 


Dismounting Screws 


Strangler Spindle 
Strangler Lever 


Float Chamber Cover 


Connecting Rod 


Main Jet Holder 


Throttle Lever 


Volume Control Screw 


Throttle Spindle 


Carburettor Main Body 


Locking Screw for 
Strangler Outer Cable 


Slow Running 
Adjusting Screw 


Intermediate Lever 


rJCs 2-6 EAfly Suivx carburetter, type 2S PCI Note cable-operated strangler 


noted The change from PICT to PICT-1 type$ means ihai 
Iho vacuutn piston 34 ia replaced by a ipnog-loaderi 
diaphragm as shown itt FIG 2 10. Note also the absence 
of tliH power fuel tube 39 Tl'jis power fuel system is 
fitted to the VW 1200A and Karmann Chia 1300 to obtain 
niaxiniuin ouipui from the enytne. h provides extra 
mixture at high cneme speeds and high rnanjfofd depres¬ 
sion but does not operate at low engine speeds 
The automatic choke provides a cold engine v'k'ith the 
iiece&iarv rich rnixiure and weakens the mixture auto- 
msticaliy as the engine warms up. The device can be seen 
on the nghthand side of FIG 2:10 It corrsists of a 
bimetallic spring and heater coil cuiiiainud in a ceramic 
body The moving end of the spring engages a lever on 
(he choke valve shaft The cfioke valve >s (Josed an a 
cold engine When the ignition is switched on. current 
flows through the heater element, which takes two or 
three itiinutes to heat up fully. When the engine starts 
a rich mixture is drawn from discharge arm 32 under 
the influence ot manifold depression caused by descend¬ 
ing pistons creating a partial vacuum on their inlet strokes. 
To prevent the mixture from becoming excessively rich, 
a very high degree of vacuuiri will operate vacuum piston 
34- or the equivalent diaphragm on later models so that 
the choke valve is opened slightly to admit more air. 
The choke valve also flutters between closed and operr 
positions because it is mounted on its shaft with a 


larger flap hanging downwards and thi$ is pressed open 
by the incoming flow of air. 

A further refinement is the provision for setting the 
throttle posiuon ai various openings of the choke valve. 
The principal can be seen in FIG 2:10 on the right The 
ICvOf atlachud to the throttle spindle carries an adjustment 
screw which abuts on a stopped cam at the upper end of 
tlw i:arbijreftf#r the cam is secured to the choke valve 
shaft- When Ihe valve is closiod for cold sfarfing the cam 
is in such a position that the screw is on the highest .step 
arvi IS held back In the dotted position to give an open 
throttle which prevents the engine from stalling. As the 
engine warms up and the choke valve spindle turns, it 
also tunisthestepped cam This allow'S the stop screw and 
lever to move inwards in a series of steps, urnfar the puli 
of a spring, and reduce the throttle opening until, with a 
hot engine, normal slow-running spaed is reached. 

Slow running mixture is provided by pilot jut 45 and 
volume control screw 25, the latter being adjustable for 
setting the mixture correctly. The main mixture supply is 
provided by jet 24. It is emulsified in tube 41 which also 
incorporutes an air correction jet to prevent excessive 
richness at high speeds. The mixture then issues from 
discharge arm 32 to mingle with the incoming air 

A rod 22 connects a lever on the throttle spindlK to 
pump lever 20. Sudden opaiiiny of the accelerator for 
brisk demands on engine power causes the pump lever 
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FIQ 2.7 Lat*r tvp« 9^ SoI«r corbufotlor. typivi 28 anti 
30 PICT 1 

Kay (o Fty 2 7 1 Fuel inlat 2 Float chamber cover 

3 Fioat chambai vent rube 4 Automatic choke (etrangier) 
6 Vacuurn control for automatic chohn 8 tapper! cam on 
choke valve »noh with rdbitg tftiiunmeni acrmw 7 Thronle 
vurvu Mver roturri «(irmy 8 Vacuum connection K> dtCrtOutOi 
y IhiiiMl* valve kev«r 10 Volume control screw 

I* Main pkg 12 Floe: chamber 


to twe dt^hregm 19 TfWs wwil pump fuel Ihrough passeges 

ro nort-retom vaK« 30 to to tube 33 Tne 

equin ol fuel provictes the irntfaed m< <ture needed 


2.i Corburetter cleaning orsd odiuitmtot type 28 
PCI 

On thts type ol certexvnvr ha. ihe r^anyai cfxAe 
comiol >1 It rec o mmtfKfed to dean *1 evciy 3000 mies. 
To meie a ihon>ugh yob of thq ft i» bOM ID femove the 
ftoM chembor cowet complMe Refer to FIG 2 .6 

1 Romo^ the an cieartor and diaconnact ih« fuel 

2 Remove the tout dismountrng Kivwa Oicconnea the 
choke Of strangler cable hv undoing the locking screw 
01 the outer end ot the strangtor lover Oisconncct the 
centring lOd from the sarne levof. 

3 Lift away the top cover complete Remove the tioat 52 
ifi FIG 2:11 Remove rite inoin | 0 t holder 66 to be 
found just below the strangler cable clamp Note mam 
I 0 I 68 Remove the pilot let 69 end Ihc pilot lei air 
bleed 70. Renxive the ait correction jet 06 and emulsion 
tube b4 From the cover t6t remove screw 151 a 
Removo screw la horn tho body 1 Remove the (k>at 
rMNKlIe vefve 166 from the cover 

4 Blow out ail passages with compressed au and ctcan 
out the float chamber Claen the needt* valve and me 
ie» wnh compressed inr or usa a tyre pump d cvnprtt- 
•ad a* IS not avoiiabie Never uaa wwe to dean jets as 
It may alter the »?« and shape of me note Chedr me 
jai WM ag«n5t those ^ven m Technical Data at me 
and of tfus book Oo not f>i dfferem jot» front those 


specihed as nothing will be gained by the niodificaticm 
The kCfCwe la and 151 a enable passages and a jet to 
be cteansd These can be seen m FIG 2 8. the lower 
passage betng marked Fue supply to pomp ond the 
jet »hown as the Pi^np |ef H the volume control 
•crew aeems to be •noperetive when n w turned for 
«low<runnmg adiusnneot lemove it and dean both 
vjfwe and pesiagii Check that the np i« not bem ot 
broken oft due to cjtcessivc irghientriQ 
5 When tehrong the top cow renew the gasket 162 
The word Oban' on the fkut l ugip e Ww* ntim face 
uperatda Connect up the dtaccnnected controls and 
check the action of the stran qt e* certpot tubrteanng 
me cable if necessanr The choke or Mr«tylet vahre 
must be fully Open with the operabng knob pushed m 
The only adpjstmam which a needed a to the skiw- 
turmetg Before makung any ahoraiorw to tho tuniug. 
make sui* that me engine a at normal running tempera 
lure and satisfy yourself that the rest of the engirw is in 
good mechanical condition with tho valves seating 
property, with clearances coireclly set. wiiti no leaking 
gaskets. panir:ularlv m the inipt manifold, and with the 
spaiking plugs and ignition system correctly iidtusted. 
It IS never safe to assume that the coiburonoi is at fault 
until (rvery other part of an englnr and Its auxilinnes is 
known to be In good condition and correctly fact To 
ad|iixt the slow-running, refer to FIG 2'6 and pioceed as 
follows 

With the engine at normal running toinporaiuro lurr^ 
the slow-running adjustment screw in oi out to get a fast 
•rdlmg speed slightly above the usual settir^ Sl«icken oft 
the volume control screw until the «r>gir>e starts to hunt 
and rtwri screw if rn slowly unid the engine n running 
tnwothfy T>« volume controf screw musi r>ev«t be 
trghtened right down The en^ne wtU now be ruivung too 
•>st so ad|us2 The .dcMv-rurming screw lev conect cfling 
toeed Return to the volume control s c r ew and trv furrveg 
•t part of a lum o arvt out tf mere >s AO ifTprovenMnl in 
vnoom idhrto the ad|ustfnent corveci A tmd chMA ts SO 
epen me ihrocbe and men ctoee n suddenly with ttw 
cMch pedal depressed lo apply the ■soa load of die 
retoase beanrtg H the ervne thee SURk. mcrease the 
cfhrtg speed 

2 7 Carburetter removal end tofvictrsg. type 28 
PCI 

To romove the carburetter p«oc««>d a% lollows 

1 Remove the ae cleaner and discoorioct the fucH Ime 

2 Drsconnoct tho accelerator cable at the ihrotiln luvw 
sea FIO 2 6. than remove the vwivol pm from the lever 

3 Unscruw the nuts from the mounting atuds and lift off 
the caibuiener 

To dismantle the carborettei u&v FIG 2 :11 for rcforcnce 
Follow Iho soguonce covered lo preceding Section 2:6 
and m addition remove the pump cover 99 and the asso 
ciated parts The venturi or choke tube 61 can be extracted 
by unKrewmg a retaining screw If the tlwoitle and choke 
or s}rar>gi«r butterfUes and spir>dlos are worn remove 
icr«vf% 4 and 173 to release the piam and allow the 
spifylles to be pushed out Ejoessive wear of the spindles 
and tMarwKn leads id arr leaks which make d enpossibfa 
to tune the ca«burener correctfy The cure rs to renew 
the ipmdiee and the body or cover. Check with Technical 
Data that the jets ore ol the correct sues 
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Ro«t 

Carburettor 
FlOM Arm 
FlC4t 
Pilot Jet 


Butterfly wtlh Air Valve 

Atr Correction Jet 

Tube with 
xrecliow Jet 
Pump Jet 

Marn SprsyiA) A««emMy 
enth Cmi/.pJon Tube 


Dopnrpgr* Sprmg 


^rnp Oiaphra^ 


HG 2 S Section through early Soiei cerburoicor type 20 PCI 


Petrol Pipe Screw 
Conneebon 


Throttle Butterfly 


Float Chamber Air Vent 


Float Needle 
Vatve 


Pilot Jet 


Volume Control Screw 


Pump Lever 


Fuel Supply 
°ump 


Mem Jet Holder 
with Mam Jet 


Fuel Inlet 


Service ail the ports by careful eiammenon tor wear 
To lea the float >t flooding has been tmufaJeKwne 
vTvitarM It M hot water The expanding pr imide the 
floet wii tsaue « bubbles from any pwioraiion As 
soUeftng w4i incvoBc dve wttght Of the float rt d bofi lo 
renew a puoctuied one Trouble from hoodoo or asrvs' 
tool tn«Y be due to a fauitv float n eedle vafvo 156 Ttws 
muM aHo In rtnewod 

ChacA the tpnngs 94. 113 and 17* CheOt if» purrp 
diaphragm S3 and reriew <i if faulty Carburcuor hcbtabon 
Of a 'flat spot when opening the throttle euddaniy ts 
usuaily a wgn o1 a detectivs pump diauleagm Chech the 
velvo ai Uk sbar>gler butlerflv 1*72 for proper sealiog and 
mj*e sure rt opens easily. Wake cedxin that the np of 
vdurne ouiurol screw 26 has r>ot boon Uokon off m the 
body of the carbuiettet through overtightening 

Reussernbling. type 28 PCI; 

Roasaomlilo iho carbureaer In the reverse order to 
dismenilmg. renewing the cover gasket 162 Also runsw 
gaskets 67 and 157 Any leakago at iho mam {Ct plug 66 
must be cured As assembly proceeds cheek that the 
choke or strangler spindle is free and effectively rolurnod 
by aprir^Q 174 Fit the venturi 61 so that the radiused end 
IS uppermoct This w4l also bnng the smalest part of the 
bore of the veniun rwaref the top The word oben on the 
float toggle levei must face upwards 

FmaPy re iftsufi the carburetter arvt conrtect the 
OMnndt. making sure that the sbartgler vahre » fudy 
open wHh the operareig knob pirshed nghc e> wtlOA 


connecting tt%e cable Put a touch ot ^aee on boih 
cables To conitect the acceteraiot table «o that't puts 
no sbiin on the cable at tulf Throttle open the throcile 
vaivu eo That dterc d a ckaianor of about 04 mch 
between the throrde lever and the stop on the catburvner 
body Fuliy deprcae the arceigroTor pedal tfid connect 
the cabla » rhe throtde lever on the cartaurerrer See 
Section 2 13 k* mlrrmaion on the 'emovtl and inpa 
latAn oi the cables 

2 8 Carburetter adtustment. types 28 aiKl 30 PICT 

Use FIG 2 9 lor ret*^enre purposes as rhe d'fferences 

between rhe carbuioSors arc nmmr unaii Adiina trw 
idTmg a% fultowk 

Hun the eitgino up lo iturmul running lempwxtuta ar>d 
refer to Itio puiiiix raistiri at the beginnirig of (tio same 
inHirucbons m Section 2:6. Having c.liiinkfKf that the 
engine iv m imund mechanical condition and tlifii (Iih 
sparking plugs and ignition system are correctly adlusted 
sot Ihu idling K'CW for a fast idle as shown m FiO 2 12 
Make quite sure that the screw is not m contact with uiiy 
of the steps on the cam. which will mdirate that the 
chuke vslv* ts not fully open 

Turn the volume conbof screw as shown in FIG 2 13. 
Servw m dockwtae until the engnye speed begins to drop 
and then turn it beck ^ to ^of a turn in an anh ciockwdc 
direction Reedfust the eUirry screw to give the di»s>red 
■fletg speed Check by operur>g and sHuning the 
Ttvonle suddenly H the engine stabs increase the MJkng 
speed dqhtfy It tf not uncommon for angem to stall 
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PIG 2:3 Solcx corbur«ttor. type 28 PICT wiib vacuum piston anci automatic choka 

KevtoFig2;9 ‘.J Puui I nv 15 Float (opgk 1C Float 17 PuAtp spring 18 Ball check va ve lor j-ccalaiaroi 
19 Pump diaphragm 20 Pump leva' 21 Soung 22 Pump connector rod 23 Main jet csiuei 24 Mum ici 
26 Volume control screw 26 Idle po't 27 Bvoass ports 28 Vacuum dtilltng 29 Throttle valve 

30 Ball check valve in accelerator pump drilling 31 Vacuum connection 32 Oiecharnv arm 33 Accelerator pump discharge tube 
34 Vocuum piston 35 Piston ror^ 36 OpwtH'ng iuv«r 37 niinotol spring 38 Choke valve 39 Power fuel tube 
40 Float chaii'b<,*r vunt tut>u 41 Air cwmctiun fftt -.viUi ernulston iub« 42 ball check vylvir in powor Fuel system 

43 Pi'ni air (Jriliiug 44 Ca&kei 45 Pilot jet 48 Float needle valve 47 Float n«e<lle 


when The clutch is disengaged, due to the extra load of 
tfre clutch release bearing, so try the idling speed under 
those conditions too. Poor idling may be caused by 
leaking gaskets, loose inlet manifold flangas. leaking 
valves or fauiry ignition. 


2:9 Carburetter removal and servicing, types 28 
and 30 PICT 

RemovR th« earburottef as follows; 

1 Detach the preheater oonnection to the aif clBanur and 
Yemove the a»f cleaner Disconnect ifte fuel pipe 

2 Pull off ilic ctectricai lead to tfia heater eiement oji the 
righthandside. Pull the vacuum hose off ifte carburetter 

3 Disconnaci the throttle cable from the lever and remove 
the spring, washer and lever swivel pm Undo the two 
nuts under ifia mourning flanae and lift off th.R 
carhureuer. 


Servicing the carburetter, types 28 and 30 PfCT 
Use PIO 2 :d for reference. It will also bO fuuhd useful 
to refer to the exploded parts illustration of the 30 PICT-1 
in FIG 2:17 as manv of the items ate similar Dismantle 
as follows. 

1 Remove tfie fivu screws and lih off the cover shown in 
FIG 2:14. 

2 From inside the cover unscrew the float needle valve 46. 

3 The automatic choke device can be seen facing right 
in FIG 2:14. Remove the three flange ring screws and 
lift out the ceramic plate, the bimetal spring 37 and (he 
heater elunient. 

4 Lift out the float 16. Remove the main jet carrier 23 and 
the volumB.control screw 2S. Remove the air correction 
fet and emulsion tube 41. Remove the pilot jet 46. 
Those parts can be seen m FIG 2:15. 

5 Remove the four screws and lift off the pump cover, 
diaphragm 19 and spring 17 as shown in FIG 2:16 
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FIG 2 :10 Section through Solex corhurotter. typos 28 And 30 PICT 1 . Cam and lever fast-idle corttrol on right 

Key to Fig 2.10 1 Foul mlci 2 F-loai needle valve 3 Float <1 Ihint let 5 Pilot jot air >nlot 0 Air corrcction.|ct 

with emulsion lutK* f Choke valve (strangler) 8 Accelerator pumD discharge tube 9 Fost tdiv vurn lo Hi<ni>u<i sonfi<t 
1t Ceramic pi»te 12 Idling ed|ustment screw 13 Vocuuni d> 0 phri»gin • chokn control 14 Vacuwni iiaaitiign 

1b V»cuutn connection for distributor 16 Accolerator pump chuck valve 17 Eniuiscon discharge arm 16 Throttievaive 

19 Vlountmg .stud 20 Throttle valve 21 Throttle lev«i 22 Throttle lever m fa&t-idle position 23 Electromagnetic pilot jet 
24 Diaphragm accelerator pump 26 Acceierntor pump otteiating levei 26 Spnrtg ort accelerator pump rod 27 Main jet plug 
28 Check valve for accelerator punip 29 Volume control screw 30 Intermediate ]e\'er for accelerator oump A Fuel entry 
to ma n jel and accelerainr puntp 


Clean all parts m fuel with Ihc exception of the r.eranuc 
plate, the bimetal soring and the heater eleitieni. Blow 
out all passages and jets with comprussed an or a tyre 
pump. Do not try to clear jets with wire or holes may be 
damaged or enlarged. Check the sizes against the correct 
ones given in Technical Data at the end of this rnanuu!. 
Chuck all gaskets and renew if damaged Check the fit 
of the throttle and choke valve spindles Excessive 
cleaiancR. particularly of the tiirouie spitidic can lead to 
air leaks which make accurate tuning impossible Remove 
the butterfly screws and butterfly plates to extract worn 
spindles. Wear in the body and cover bearings calls for 
renewal. 

Renew the needle valve it there has been flooding, but 
also check the float by immersing it in hot water A 
sireani of bubbles will issue from any pimrture. Do not 
try to solder over the hole but runaw the float. Solder will 
increase the weight of the float and raise the fuel level 

Check the parts of the heater element and bimetal 
spring. Renew the i:ornpleiu ceramic plate if any part is 
damaged. Check the pump diaphragm for damage which 
can lead to inefficient pumping HesitHtion of the engine 


or spitting bock through Mho carburetter on sudden 
acceleration is usually a sign that ihe pumfj is not 
working propfirly. Check that life vacuum piston 34 is 
not seized 

Make sure that the tip of the volume uonirol scruw is 
not bent or brokun off. Ovcriiglitening may break off the 
tip and leave »i jammed m the body 

Reassembling the carburetter, types 28 and 30 
PICT. 

Use new gaskets when rBassembhny When fitting llic 
ceramic plate with bimetal spring and heater element, 
sec that the mark on the plate corresponds with tha one 
on the housing as arrowed in FIG 2:14. Put a few drops 
of oil on the steps of the fast-idle cam. Connect the throttle 
cable as instructed at liic end of Section 2 ;7. 

2:10 Carburetter adjustment, types 28 and 30 
PICT-1 

The essential difference between these and the pie 
ceding models is the use of a diaphragm vacuum control 
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for the automatic choke, as can bR seen in FIG 2 10, 
The control nan also be seen as parts 35 to 38 in FIG 
2:17. Note also that ths 28 PtCT-1 carburetter is fitted 
with the powRr fuel system to he seen above ball valve 
42 m FIG 2 :9. This gives a lichcr mixture at full load and 
high engine speeds, when a high degree of vacuum will 
draw fuel from iha tube positioned m the carburetter 
cover. Refer to Section 2:12 for instructions concorniny 
the electroinagnatic; pitot jet if ono is fitted 

Ailjustment for correct idling isllia same as that covered 
in Section 2 :8. 


2:11 Carburetter removal and servicing, types 28 
and 30 PICT 

Use the iiistfuctions in Section 2:9 to tcmove a 
carburetter, remembering to detach the ulecthcai lead to 
the clccirofnagnetic pilot jci if such a Jet is fined. 

Dismantle and service the carburettet bv following the 
instructions in Section 2:9. Refer to FIG 2:17 which 
shows tite parts of the diaphragm vacuum control 35 to 
38 and the elociromagnetic pilot jet 17. Unscre’.v the 
pilot jci complete and hold the body by hand to ufisorsw 
the let proper using a second sparmer on the large 
hexagon Do not grip die body In a vice as consequent 
distortion may make the needle stick Clean the je:. 
Reassemble and check as Instructed m Section 2:12. 

WhHn reassembling d»e pump diaphragm cover 22. 
press lever 23 away from the float chamber so that the 
diaphragm is secured in the pumping po.sition Fit circlips 
31 lo pump rod 27 so that there is about ^ inch of play, 
and insert the cotter pm in the inner hole. 

When reassembling the autrjmatic choke, after checking 
that diaphragm 36 is in good condition, make sure the 
lug on part 41 engages the notch in the choke housing. 
Ensure that the ceramic rod between the heater element 
and the bimetal spring is correctly located. The Operating 
lever in the housing must engage the hooked end of the 
spring when the parts are installed. Turn the cap until 
the mark on the ceramic cover 42 is in line with the centre 
mark on die housing before liylnenmg the three screws 
45 Do not overtighten. The righthand arrow in FIG 2 :14 
shows the marks 

Check the position of the accelerator pt,imp discharge 
tube 2. When the throttle butterfly is opened the jet of 
fuel must spray straight down past the butterfly. Align the 
tube If necessary 

Refer to Technical Data for cleta/ls of the correct 'et 
sizes. Connect the accelerator cable as instructed m 
Section 2 ; 7. 

2:12 The electromagnetic pilot jet 

Recent models are fitted with this devtce as standard 
with the object of preventing 'running-orV when the 
ignition is switched off. The electromagnetic operation of 
a needle Ofiens the pilot jet when the ignition is switched 
on. When the ignition is switched off the needle shuts off 
fuel to ilia }et. Earlier 1200 engines can be fitted with an 
electromagnetic pilot jet. 

To chuck the action, uttscrew the device and pull the 
lead off the terminal. Switch on the ignition after checking 
ifiHt the pilot jet grub-screw is screwed right in Touch 
the lead to the terminal. The needle should move in and 
out with a tick, each time contact is made and broken 



FIG 2:t2 Idling yersw adjustment on carburAtterrs with 
automatic choke 



The neerile should move t<3wards the carburviier to dose 
the pilot jet with the lead deiarhed, and aw^y from «t rn 
open the jet with the lead in contact if the valve does not 
work when tested in this way, or if the criyiiiu shows a 
tendency to run-on. renew the valve However, failure 
can be lemporariiy cured by turning Itie yruh-screw as 
far to the left as possible to open the valve. Turning the 
screw in the opposite direction will close the valve and 
shut off fuel to the pilot jet 


2:13 The accdlorator cable 

Refer to FIG 2; 18 which shows how the cable is 
secured to the throttle lever on the carburetter and hovii 
the return spring is asscrtibled. The cable passes inside 
guide lubes through the fan housing and uitdor die body 
At the front end it is hooked over a rod connected to iho 
accelerator pedal. 
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FIG 2 t4 C«^bwr«it*f cover slwwina wtowMtie cIvoM 
TIm p*ftaA-fT9e vACiwm control »s •ndjcotad bv tteo 
bottom orrowr PI»9htK9od orrow mdiCOtOK locotiMa 
for corenue olotv 



FIO 2 1S Lolof cofburoncr showir>g |o.^ 1 M»m jet 
•nd corrter. 2 Volume control tcrev/. 3 Cmulcion tut**" 
and ait correction tot. 4 Pilot jet 



FIG 2 It iotet earborottcr slKmnnQ acccirrator pump 
dtMUfttlod Tito fin^ors ere holdma the dMphroam 


To rvniovc tho cable, dieconnert ii (ram llio thton*e 
Icvor on the cerburetter. Press on the outer *leav» io 
compress ihu spring ond remove the spntig soul eliown 
HI ilw inset to the Ulustration TuV.« o(f tho eleevn oivl 
sprini; Detwrh the rati from the ecceWntor (Moial aoU 
diicorirKict (he cable from the rod It will bv OMiei to pul' 
the cable out d the rear vt Ihc vehicle •» IdtoO Prom 
urKt«Hn«u*>h. pull the CM>le out ol the tan tiouiimg gude 
lube PuU the oiashc hose oH th* catdo and lake oh tn# 
oibbef boot ar the end of the guide tubas m the Iramc 
Pull itw caUc towards the trom out of iita guide tube 

When instating the rable. gicase >t with im'vnrvd 
qrnw Take care Uul it 4 laid st/argm han»— n the guide 
lubes wfdi lubber boot and ptas«c hoao carefully seated 
Ml peevent ttis >agress of water Also ir\ah« mmc that th* 
run of |ha cable rs outa fre» Irom luras To attach d tO 
thetftrorwiey«* ra ass cmbte the sonng andscong 

saai •‘Mi trwead tne cable 'rito rtw- daiwi pai m the WnttW 
lever Wrtn gw tront ertd houiiod 10 tn« accniaraiar poda 
rod open dw urbutdie* throftie vahm by the Icvtr uoti' 
ihcvo ts about 04 mch dc^aoca between the Ivvar and 
the stop on th» carburcoer body Mvrh an asusunt to 
fuily dupfcss the acceierawr psdai. connect dw caW* to 
the thronte lever Tins witt ensure that there r« no nveeaMve 
terwatn on tha caUc which miQht lead to breahagt 

2:14 The air cleaner 

Tbd (s Of the oil bath type wtveh collecis dmt m on oil 
faied reservoif There must ahvayt be tfve ail above the 
sludge which is collected, so mat scrvCing pertotis 
depend uponconditiOAS In moist climates on gixxl roads rt 
may be eitough to look at the aif clnaretr avurv 3(XK) mil#s 
but a daily check may be needed in very cluatv condiUoris 

To duuri the filter, detach d from the uMrliufoiter after 
lumovlng the hoses fitted on sorrw models Kaap il\« 
cleaner levul and do not turn ii upside down Ruluuto the 
iw(i spring clips and lift off the elH/riMiit Again, do run 
turn the elHmcnl upside down Cloun the sludge nul u( Iho 
bowl and fill to the murk wdh fresh SAE 20 engine oil. 
If Iho element m unusually dury duo to neglect, w>»sl» il in 
peiafftn ar petrol and let it dry before attHmpiing to ht n 
Muko sure that the gasket is m tjorvf condition At reguka 
IntervalK chuck the oil levnil in the bowl and mp a up if 
necessary, unless the sludge deposit is Ihhiw enough to 
lustily cleaning Do not ovemghtpn Iho cl 04 hef rlarnpmg 
scrrrw wfiun rcTittinq. 

On more recent models the ■» mtaku (u tho clean* is 
Irtiwi with a w'Oioht-co'nrDilcrd flapa$ Shown in FIG 2:19 
This keeps the in»ke doMid against cod «ii y| low spe«K 
IP that warni a» prevents carlxtrututi ong This warm an 
H diawn through a hosy adjacent to me aOiausI sysMrn 
and mto the av ciuaner trnake With mcroasmg enqina 
Speed th» flap is pressed down agamat the effect of tho 
tiaUnce weight and cold am « drawn m Check the action 
of the tisp to SB9 that it works fraafy On some Mrhr 
modeh Uia the 1960 Karmarta Ghta the dap can ba foeo 
(o the open p ceu i m n by means of a ckp 4 ifw amtvent 
teirpcratme ts above 68 deg. F Tha taiM l modcH have 
tw<n am mtafecs each fned -wnh a wti g hwd flap 

2 16 Fault diagnosis 

if there e no fuel at the caftwretitH check rtiat theie s 
plenty ft tr* tank if sai»f«ctory. dwconnoa the fu* pipe 
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FIQ 2'17 Carburettor. tvp*s 28 and 30 PICT 1 

Kay to Pig 3.17 t 3o<ty 3 Aixctaraior pume diachafga tuba 3 Throttta lava* 4 Idling adjustmor^t ktow 0 Spnng 
9 Thfoitta Ipindk nuc 7 LocaAMbar 8 inieMncdiaM; leva 8 Watbar 10 Volumaeomrel screw II Sor>na 
12 Mountrg studs 13 Emubton tuba M Main lai cama 19 Waabaf 18 Main fit 17 Elactiomagrwtic (akM jal 
1 $ niot «t 19 Accataranr pume Atpraaom 20 Pusnpssmg 21 Pumpeovarassambty 22 Purnp cover 

23 Pwai|i hrvCT 24 Leva pwot sin 2S Cowar icraws 26 Punip rad saaianMi 27 Rod 28 Pod spraig 

29 Wtd^M 30 S«ib»fBn 31 Cvebg 32 Float 33 Fl»ai Mcrum pn 34 Cwbv« attar covar 

35 Vacwan to owol dapbragn 38 Spraig 37 C o r a 38 C ovar lAi a m 38 Choba talay lever 40 Cboba nip 

41 ^otacoog covar 42 Ajtavtaie dsata conaai ( b aat a r bmcai«nng) 43 Covar 44 Sacumgnng 45 Miogecma 
49 Nvt 47 Float naatf a vawa 48 Gaakat 48 Spnrtg p sebor 50 Scrow 51 Cow C as t a t 

82 Tiaiiale lew naum Kmng 
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FIG 2 TbrottJ* c«bl* to fixing 

Not to Ftg 2:19 1 TRfoitlo coOt* 2 CotXo elmiangscreA 
3 SonnufOM 2 Spmg 5 Sonnoileo^ A C«hlo guidOTirbe 



FtO 2-19 totor TTPO of 9*r clennor with woigfiiod fiao 
to control otr intake 


01 the cofburettet %nd oporoic (ho otortcf K fuel is 
doliverod. chock the corbuioner rioot no«dlo valve and 
|ttU for blockage. 

If no fuel la delivered, disconnect the fuel feed to the 
pump. If fuel pours out. check the fuel pump filter, valves 
ond diophragm. If no fuel comos oui of the fuel feed pipe 


nnblocl>«d Remove the tank and clean with rnmpresved 
ftu Blow through the fuel pipe wnti comprenod er. 
Other faults are covered as (ollowt 

(a) leakage or msufficierTt fuel delivered 

1 A* leakt at pipe connactions 

2 Pump diac^wagm saews looee. diapiwagm dafecirvc 

3 Dtaphragnt spnr^ weak. 9»sk4n toe rhicA 
A Pimo vahres la^mg or stekmg 

(b) Eacesatve fuel consumption 

1 C^tKiruttn^ out of a^tsstnanl Of worn 

2 Wieng ttu hoeo. amomaoc choM def^nive mannat 
choke fpckinq 

3 Ploet needle valve stuck open floec ounourad 

4 greeepve fuel pump pressure, rtuiphragm ^mrig too 
sroAp. gasket too thei 

5 All doonei choked 

0 Brakes binding, ivres urvlef'inttaTad 

(c) Engine will not start with fuel supply and 
ignition working 

1 Automatic choke not working manual r;haku sluck 
open 

2 Bimetal spring in automatic choke unhooked or broken 

3 Ceramic plate broken, healer element rKil wurkirtg 

4 Float needle stuck, carburetter flooding 

5 Jets blocked 

(d| Idling speed too high 
t Automatic choke not switching off 

2 Hsaiet element defective 

3 Slow ntnmng screws mcarrectlv ad|usied 

4 Worn throttW fautterfiy valve 

<•) Ervgine 'runs*on* after igmtton it switched off 

1 Idimg muMw too rich 

2 idbng s p ee d too f^ 

3 Eteevomagrwhe pdot jet volve not working 

<f) Cngiise runs unevenly 

1 At idfeig speed, pilot jet blocked or wrongly adjusted 

2 With black eaheust smoke, float chamber npoding 
through stuck needle valve ru punctured fiooL 
Pressure from pump may b«i Caicossivc 

3 At full throttle, fuel starvation 

(g) Banging in exhaust on overrun 
1 Idlirtg miKturo on weak side 


« 
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CHAPTER 3 

THE IGIVITIOIM SYSTEM 


3:1 Description 
3:2 Operation 

3:3 Maintenance dnd adjustment 
3:4 Checking ignition timing 
3 :5 Distributor removal and refitting 


3:1 Description 

Thera have been several variations in distributor design 
during the lifetime of the VW 'BeHile' and the associated 
Karmann Ghia At firsi the distributor was fitted with a 
centrifugal advance mechanism. This was followed by 
one which incorporated a vacuum control as well. Later, 
the centrifugal control was dropped altogether and every 
subsequent distribtnor from August 1960 has had vacuum 
control only. In addition, it is possible for a vehicle to be 
fitted with a distributor made either by Bosch or by VW. 
This. fortunaiHly. will not seriously affect the servicing 
instructions, the chief difference being in the method of 
adjusting the contact breaker pomis. The VW distributor 
is recognisable because the capacitor (condenser) is 
mounted outside, 

The only other point of Interest is that, since August 
19{>7. the System has boon operating on 12 volts instead 
of the original 6 


3 ;6 Dismantling and reassembling distributor 
3:7 Checking the capacitor 
3 :$ Sparking plugs and loads 
3:9 Fault diagnosis 


3 :2 Operation 

The fur^ction of the ignition coil is to transform the low 
voltage ol tire vefiiclB # electrical system mio a high 
voltage capable of producing a spark at the plug points 
The high voltage is mriuced by a current surge produced 
at the moment when tho contact breaker points open 
The points are part of the lovV'tcnsion circuit and are 
opened by a four-lobcd cam mounted on tho distributor 
shaft. These parts can be seen in FIGS 3:1 and 3:2, 
At two revolutions of the engine and one of the distributor, 
the points open four times and four surges of high- 
tension electricity are sent out by the coil. These are fed 
to the respective sparking plugs in the correct firing order 
by a rotor arm which coincides with a segment and plug 
lead In the disuibuior cap at the precise moment whun 
ignition is required. The current is passed to the rotor arm 
by way of a carbon brush connected to the coil lead Note 
that there is a small gap between the rotor arn^ electrode 
and the segment in the cap, so that there is no rnechanical 
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contact The high tension current jumps this gap on its 
WrJY to the snarkinq plug 

Automatic control of the rnomefil of ignition is neces¬ 
sary, dufl to varying loads and speeds of the engine. 
On early distributors fitted with the centrifugal control, 
rising speed of the engine causes weights to fly out under 
the restraint of springs, to advance the ignition. The 
vveights 21. springs 24 and assembly with cams aruJ rotor 
arm 15.29 and 70. are shown In FIG 3:1. As this control 
had no effect on the ignition point wfien there was a 
varying load on the engine a vacuum control was intro 
ducod. This was connected by smatl-hore pipe to a pod 
adjacent to the closed position of ifie throttle valve in the 
carburetter. The vacuum control Is shown as assembW 
90 in FIG 3 :1 and 60 in FIG 3:2. The casing contains a 
diaphragm, one side of which Is subjected to atmospheric 
pressure when there is a depression on the other side due 
to the connection with the carburettor Movoment of the 
diaphragm is transmitted to the contact breaker plate by a 
rod whicii can be seen facing left When the vehicle is 
cruising along with the throttle only partially opened, 
there is a strong depression in the bore of the carburetter, 
the diaphragm is deflected and this advances the ignition 
evHit more than the centrifugal weights have done. Wide 
opening of the throttle, particularly under conditiurts of 
heavy load and low engine speed means a considerable 
reduction in the degree of depression in the carburetter 
The diaphragm will tend to return to its unficxed position 
under the influence of an internal spring and will retard 
the ignition accordingly This method of controlling the 
point of ignition is f>ow used without the centrifugal 
weights 

Models from early in 1960 will be fitted with rod plug 
leads which incorporate radio suppressors In FIG 3:1. 
item 71 IS a rotor arm with suppressor, and item <15 in 
FIG 3:2 is the same part as fitted to Bosch distributor 
2V/PAU/R4 

3:3 Maintenance and adjustment 
The coil; 

Keep the iiisulatiitg cap of lliu coil clean and dry to 
prevent current leakage. If the coil Is removed during an 
overhaul, upon replacement the connec«ior>s are— 
terminal 15 le ignition switch, terminal 1 to the distributor 
(contact breaker) and terminal 4 to the distributor cap 

T{> test whed^r a coil is defective or not. check the 
length of spark It will deliver Before doing this, make 
certain that ttie battery and the distributor are in good 
order. Disconnect lead 4 from the centre socket m the 
distributor cap -Vlake sure the lead is not damp, and hold 
it svilh a piece of dry rag. keepirig well away from the 
exposed metal end. Hold the end about I inch av^ay from 
the rrar^kcase and crank the engine over. A spark should 
jump from the lead to the crankcase if the coil is wurkiny 
properly If the coil is not satisfactory, first check that 
the capamtor in the distributor i.H not defertive. 

The distributor- 

Maintenance of the VW distributor is similar to that 
described for the Bosch distributor 

Release the spring clips and lift off the distributor cap 
complete with plug leads. Clean the inside and outside 
of the cap with a dry cloth and examine for cracks or 





FIG 3:2 Later Sosch distributor in tiie range ZV. PAU.R.4. 
This type hen a vacuum control urtit only 

Key to Fig 3:2 1 Body 2 fleuniig bushes 

3 Lubricating felt 4 Oust prototUM 5 Nameplate 
6 Rivet 10 Camsh^lt 11 Shim waaher 12 Washer 
13 Fibre vviisiicr 14 Shiin washer 16 Fibre washer 
16 Wi^sher 17 Shim washer IB Oriviruj dug 

1^ Pm for deg 20 Retaining clip 25 Contact breskar plate 
26 Fixed contact bracket 27 Screw 28 Washer 

29 Lockwasher 30 Moving contact 31 Washer 

32 Tcrminiil 1 33 Plate 34 Lockwushcr 

35 Connecting cable 37 Capacitor 38 Clip 39 Screw 
40 Lockwasher 42 Return spring 45 Rotor arm 50 Cap 
51 Brush 52 Clip for cap S3 Shacile for clip 

54 Screw 55 Lockwasher 5G Nut 

60 Vacuum unit complete 61 Sciew 62 Lockwasher 
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(rflcking' Th« laner will show up as a thin black Hna 
bvtwffen Mijocani rrwMJ parts and the cure for both 
dstcctt tA N fiflw cap The aUictmdes in tho cap ond on the 
mtor arm arc aubtart to sorrte erosion due to the sparkniy 
which take* place over the gap between tham Thra n r>ot 
deinmonial iir>l«ss it is obviously e*ces$rvc Th* rotor arm 
» rwadtly pulled off Ohwve the COndibon of the carbon 
brush m iha urmn# of the cap. Ths beers on tfte rtietal pan 
of the rotor arm Tfi« face should be poltsheo and th« 
brush ahoukf be capable of hemt pressed m and should 
HirmQ out apaai ()uire treefy 

lubrication of the distributor: 

vanos m rh# different models hut one fcuiur* « 
eonvmm to iham jP h is essential to be sparing 
with iubricani end it must not reach the contact 
breahar points Add rwo or thmo drops of ihm oti mtn 
the rocoM m m* TOP of the shah the rotor n rem o ve d 

Whan the ceninf upal advance mechantsm u k nown to 
be fitiwi sdum a tew diops of ihei oi downwards in ttw 
speot b et ween me contact mounting pJaae and rfw shah 
The vHacf of 9k centnhjg^ mcchansn can be fcH tw 
furnmg 9» tmoi dockwiae imnl a stc^) ts reached 
rotrv should rotum lo the stop ei the opposite deectron 
when relaased M iC does rioc. the sprngs sre probably 
feu (tv 

A<ki e tmy iroear of unn^rsal grease to the cam on Uw 
shaft befow the rotor arm. and put or>e drop of oi on the 
lop of the Ofvoi |wri for the rxhovmg contact broakitr pewnt 
Tho drrve shaft rum in a aed-lut^^ting bush 

The contact breaker points. 

Examine llw condition of the points bv opoiiing them 
with a linger They sfwuld both hovr? a clean, frostod look 
After sovuial ihoosand niiJi?s. it is comnicm for a pip' to 
form on one pond Hilda corresponding hollow to oppeann 
the appiJHite point This will not necessarily affect the 
perfomnance <»f the ignition systam, but if there hex been 
tiouhle the points can be lemovud and finishod lo h 
smooth flat xurlace. This must be done wih a measure 
of skill because tliu surfaces must be Hat and sguarv ro 
that Ihoy fn»et perfectly To remove the prints proceed 
•ts Inilowe 

On early distributors; 

1 Ramovo the cap and rotor arm 

2 Disconriact the law-tertsion lead from the drstributrv 
body Loose n the nut on the temvnal and take off the 
contact biMkat arm pvt 

3 Oisconnect the movmy contact spnng and mtulation 
horn the lemiinal tAvig coreful note of the poNhon of 
the imulanon 

4 Remove the fuMd potflt by ortscrewing the fazing screw 
enri else the scrow anactung me vacuum unn pubrod 
bracket Ltti oft the fitcd corrtact 

On later distributors 

1 Remove m* cap and rotor arm 

2 The low lansKia lead and the one from tfw caoacnor 
(condvwset i aie ccxvwctcd 10 an nsdator Loosen the 
heiagon tcrow efampmg me leads rwnnve me low 
lewiron lead and sft oh Ihc momng contact and sprtng 

3 Remove the screw lo the rqht of the comacts and lift 


oil the fixed contact. 

4 Keep a note o( the position of the weshors for llio 
breaker arm foi correct replucement 

On the latest distributors: 

1 Remove the cap and rotor arm 

2 Pull off the low icnsiun cable connection 

3 Remove the fixed contactsccuiMig screw (usiobove the 
rontacts 

4 Remove me arcfip from the mnvmg contact (zviM pm 
b Lrti off fxMh contacts Note the brewkivr arm washect so 

that tbry wzH be replaced correctly 

Ciaaniryg the points 

Atzie m s*Tu they can be cleaned with adoth moniened 
•n fuel They may also be hdd tugetne* while a piece of 
(ardooaid li diawn ti e twaen them WhM the points hevc 
been leiBMed they may have any senoss roughness 
removed with a magneto Ut If the timgven npe to the 
pomu are ba<^ wem v is ha*div werth trying to restore 
them as ntpiacement pomts aw not ezpenirwc Tho pnmti 
must be polished wan a fane oibionc Thu muv be done 
with groat care so that the faces are hat ar*d mMt 
SQuareki when they are revtstaUod 

Reassembling the contact braakei 
Ifl every caso ths is simply a rowokef of the d^manilmg 
mstruchons. but it d imponant to Onsuie the correct 
replacomant of the insulating washers uaod on the 
terminal SCrow on early modets ami iIkimi for the biookar 
arm on later models. After reassemblv tho ga|> must be 
ad}tiuod 

Adjusting the contact breakor gap: 

The correct gap is .016 inch when thw priints are fully 
oponwd hy one of the cam tabea. II there iscviduiitly only 
a fc^w ihcHJHimdths of an inch diflHrenca behArocn iIim 
actual and the recomrnended gup it ih not worth making 
an alteration to il. 

To XHt the gap. remove the srparking plugs and turn lire 
angioa over with a spanner on Ihc ctunksliMlt piillav nut 
Stop whefi the gap bctweun the points is at its nmximiim. 
Uso leelur gauges to check the gup. II there is consKlorabiu 
variation from tbs recommended gop slocken the fixed 
contact locking screw adjacent to the contacts 
There JTU tbres methods of adjiAirrwni according to 
the model and yc» of maniitacture of the dixtribmor 
The Ihnw rnethods are shown m umpie form in FIG 3 3 
The one which uses an eccentric screw a on earfy type 
Turn this Krew to adjust the gap The Bosch method of 
adjufirmmt on later modeb *410 pler^ a sriewdrwei bWka 
twrween two pps and twist rhe blade where il engages vi 
the slot ui the fared contact plate On VW d«lr<Kit 0 rs with 
the type of adjusTmem shown in the Ihvd illustration the 
scrvwdnve* « twwtcd whde it engages the hwo slots m 
the pfaws ar me opposite end lo the conraca After 
locking the fixed contact pfate check the g^ agoirv and 
on w«ll>inad ^ehfcles Q 4 sensible to check tfie gap on aH 
four cam lobes Sanous vanabon may be due to a worn 
tfsaft and bushes *nd renewal m rweesaary 

It re important when adjustirtg the breaker gap 
to refrain from cnovmg the contoct breaker 
mountMig plate from its basic position, or the gap 
will be attered 
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Aftftr makinq adjustments to contact braakars it 
16 advtMbItt to check the ignition timing. This 
ntusl also be done if the distributor is rentoved 
and rapleoad 

3 4 Chocking <h« ignition timing: 

Thts mutt b« done with the engina cold Eumma 
die front tlanq* of the crankshaft pullav toi a notch or 
ROichcs atcntding to rnodoC see FIG 3 4. Wh^fe mere n 
ooN one notcti when thes tmes up w:m m# jninr 
me two crankcaaa tw#v«&. the crankshaft w<i be 7, deg 
brtow top dead coritte (BTDC) When fr«w« two 
notches the nghthann notch imscatas a pgotoon 10 deg 
BTOC and fh» lallhand notch 7^ deg BTOC Anvon« 
wttfting to 0 iake the second notch on anqinv« with oniy 
a itfiqia one can trie another 4 mm to ‘*r • gt>* yrhen 
viewed from abo«<c Ignition tawng figures are qwen m 
Technical Data 

If the v>*>« ik'd timing foi an engine is 10 deg BTDC 
amj ii rt iiocessaty to use a low grade of hiai whr.h makvs 
the engine pmk set the timing an the kfthanij or 7^ deg 
nolt:h 

Before checking or setting the ignition tinting, 
always set Ihocontect breaker pumta to the correct 
gap. VHfifltione trom this will affect the timing Now turn 
tho ungiiiu uviir until the appropriate mark on (he pulley 
is in hoc with the crankshafl joint and the dittniiuiot rotor 
arm lines up with the No. 1 cylindci notch on the nm ol 
the distrilxjloi bodv n st>own m FIG 3 4 In this poiition 
No 1 piMon II at TOC on tlic finr^ tuoko 

The laltnwing is the best mettyxJ of ensuring an 
accuiitc setting Oo not use a stiaboscop*c lamp Ftx up 
a test lamp and leads usmg a € volt or 12 ¥ 0 ll tan^ 
Connect one leed to No 1 teemma! cn m# cod and earth 
the other one as m FIG 3:5. Loosen r>i koew m dw 
distrateior retaining riamp and swnch on the •grvhon 
Turn tfit da b i b utor podv ckxsA-^ urrtr- the contact 
poem are %a«n to close Now turn the body anbOo ck wtsc 
very sSerwir enuf ttit tamp kghts up arvt stop tuning at 
once TfNs II Che poni when the contacts ...pcH'd 
T^ht.ei dw tUmp Tke igntejn now be correctfy 
timed J •tifldsrs wtier the i*-,- '’..Tr-d eofeh cn 

IhepulWv ts on top nr dcvciiy below ai^d in > tv* the 
varkcaeo joint as the engine n turned two rw-otu- 
bom 

H Vi rsot poshibie to carry out an accuraio sen>r>g with 
the erwjtne warm The rrtethod ol settmq th* igintian 
timing iH suitahk* fm both Bosch and VW distributors 

3:5 Distributor retnova! and refitting 
Removtt the distributor as follows 

1 Remoyu iho vacuum pipe at the distributor and liis- 
connect leed 1 (rom the coil. 

2 Tskr» oM itiM (Jisctii)utor cap 

3 RoiTHtvc tho sciew holding the distribulur rotamiisg 
bracket to th« crankcase Lift out the distnbuior 

Refit Itse distnbuior as follows 

1 Set the appeoprtate mark on the crankshaft puKvv m 
(me w<ih the crankcase flange as shown n FIQ 3 4. 
No 1 poton will now be at 1DC on iti fa>r»g stroke 

2 Look dmim iniu t'w oistribuior houktng m crank- 
ceie and oba a n r the txarton of ttw skit m ih^ 


FIG 3 3 Threeiypesef contaettHeakargaparSfustment 
A If tfy« teckfirq serew artd 8 the adtuctmq davice A 
irar«at*en of the first method, using an eccenmc ecrew 
can be eoen a* parte 47 tc AS m FIG 3 1 A wrpwdmer rs 
used H* the tMtcbee indicated u* the ether two tParetra 
Ciorts 


FIG 3 4 T*mM»a •gnrtteei bv afigrung rotor with notch 
la body rim |iepf and pulley notch wdh cra«»kcaee jowit 
(right) tnaet ahewa oorract poa*i»M lor dwtributor 
drrvo shaft with slot at rtght angies to roint and targe 
offset facing forward 


FfG 3'S Uaiag the electr*ca) rnethod for eccurate 
•gnitron tuning 



cti»(ribsitor drive shaft Nolo thal tt nt uffswi The largest 
offset rrxtst be to the front. aw«v from the crankshaft 
puiloy and the skit must b« (Mrelel to the pulUrv Hartges 
mat ts at nghtangtes to the crankcase (omi line, as 
*Mwn in FtC 3 :4. Oeu<r$ of the sloned drwe shaft 
can be seen m 1 .22 Make sure ttw dnrarKe spnr>g 

•s properW seated in the drtve thjft head If the tkive 
tiiolt has been taker out Kx tnv leason use the 
•reOuCtiOrH >n Section 1 9 of the Engete Chapeer to 
refiface <1 correcthr 

3 Ineert dM tkstnbutor and rum rhe rotor anr etth* it 
poews 10 The notch on the (hstnbulor body nm as 
tf^lfCMsd n FIG 3 4 Mo<e fh* arm ftignov bac^ 
ekS'dl and forvsards until the driving dog* angao*^ ind 
the dctti^uior can be ptexed r* 9 h( home F>> '*<• 
cUmtanQ (riale and then chedt the ignition tvnmo as 
■miructed ut Section 3:4. Ahvai't remember 
checking the timing to tten the engirye tack«va«ds 
about A quarter of a levolutinn to take u(i trm piay m 
the dove before birning it forwards to kne up the puflev 
murk 

3 :6 Oisinantling and rsastuimbling distributor 

These mstiuctions, togulhei with FIQS 3 1 and 3:2 
will hwlp in dismantling all typos of diklnbuiur. hearing m 
mini;l tho vdiiations mentioned at the beQinniiig of this 
t:fMpter One important point must ulweys be considered 
boloru uliernpting to dismantle the vacuum uitiL The 
adiustment of tite threaded rod ar>d the spring 
must not be altered. Tho adiusinienl of the spnng 
affects the advance curve of the disptbutor and >f any¬ 
thing u done to upset this ad|mtm«n( the diunbuto' rrxtsl 
be returned to a Serves Station tpr correction 

To dismantle rbe distributor 

1 Rc*ntr*« tr»» cap a<vf rotor am% H*fr*>*v 'he nut from 

terrrvnai 1 and take cvf the kow cacie x*l 

wadterv P-.iil out me ctnnectmq M the oreafc?' 
plate 

.> Hemrxr* T»i« tapeci»o^ 3” ^ FIG 3 2 h*r>z%-i :he 
coruacu 26 and 30 

3 Drecorvnect the vacuiar^ und puUrod On carhr models 
nmciy* the putkod from the bad romt bi inserting a 
hook rradc of bent wrv in the fsile m irw rod fWvne 
m# vscuiFi* unit 

4 Removv the retaineig screw and bteeSM |H rated) and 
lift out the Orcokoi plate Pull out the low-i«n«ian cable. 

5 ICi^OCk out pin 19 after mmoc'ing spiino Clip 20. Pull 
off drtvinQ dog 18 which wtli permit lemovdl of the 
shaft 10. or in the case Of o distributor with cantniuyai 
timing device, assemNy 15 in FIG 3:1. Note the 
position ot fibre washers 13 Jiid 16 in FIG 3;2 and 
any washers and shims 16 and 17 or 11 and 12 If 
necessary romovo the lubber ring end rlarr^ from the 
bndv 

Clean all the parts with a 50lv*nt such si petrol but do 
not immeise the body 1 m ic or get eolvsnt on the bushes 

2 or kibncating Mt 3. or the seif kibncsting qualities will 
be lost Check the shaft fur in th* body hushes If 
excessive mn^ the distnbutor End play can be ekmi* 
nated by shnnming Check th« rorvSinon Of the contact 
pomn the breaker sorsvg and the ecncxi of the vacuum 
unit puflmd if the oresker Spring c| p>ncd with rust a 
must be renewed as brvakege rs -.fy 'Aefy Reryew the 
rubber nng wtveh foims on uii »*e> cn m» bonv so^ot 


To reassainbla the distributor : 

1 Oil the shaft and fill the specs between tho bushes in 
tho biMfy s^th grease if therv ih nn frut Fit the washers 
correctly and tnwrT thp shah Tuny the shall lai that toe 
lotor erm slot < ifx liitu w:th the nofch >n the l•m of the 
body whicn denotes the po^imry for No 1 cvunder 
7 Aiiemble the 6br« and trerH washers on the bottom 
«rHi of in* snatt and fd the tmvmq dog SO mat the 
dnviryg lugs ere offset towards tfio notch m trie bad» 
run insert me p«o and peen ovw the edges of the hole 
on both «r«krt vy pr rveryt the p «i comtog out ac c cle PT»Bv 

3 Wher> esecmbkirg th« ^>Se« type of tcrnufiel utow. 

*ui* me washers art corrvcity fitted os shown « 
FIG 3 ■ 1 Tfiar* rs a ixrqe 'nsuloting waslot utside and 
ciut^de the body and iftera may be an insulating bush 
to (.tcwrit cordaci between the tenr** and me body 

4 On emfy mrvSe^ kjhrKote the befl socket for the vacuum 
unit under the breaks plate F>t tn* plate and stop 
bracket and secure with tfyv screw 

5 On laiHi models, fn tn* i^ate arid conhoct up the 
leiurn spring and the low-tariMon lead On botn types, 
fit ihe vacuum unit instal the cspocitor aitd iidjusi Ute 
contact points to tliu correcl pap 

3.7 Checking the capacitor (condonsor) 

A dofucitve capanitor can lead to stflitinQ noublos, 
burned coiitoct breoktir pcimtii and evan a complete 
fuihite of the ignition svstom To iwsl u suspmzted 
CopOCitor r«mr>ve the distnbutor CSP Turn the engine 
until the contact points are fully open Onmonnect cable 1 
fiatn the ignition coil Make up d 6 or 12 volt t«l lamp 
occordmg to the sysrern fitted to th» vefucle and conricct 
one lead to tenrsnal 1 on the coil and tlis oihm laad to the 
'tm-laryvon diunbutor cable Switch on tho »gnibcn If 
the test lamp ights 14) the cipacitor rx •mthed and if must 
be *»oeww« Tc conr>>iue the tcst ro'VKv the tamp and 
reconnect vauW 1 to the ood Remove the Central high 
ier:x<ii' ranw horn the di&tr*buux cap arts hold a rare* 
ful*v try itw insuUnon so piat meta' endis about x mch 
from a good earth Sw-iKti on if« igruMjn and ooer and 
C.ky*e the conUETT pomts QU*Ckfy usevg a tmaH «.r»^* 
dtrver A spjrt shiuld iiimp the qep If there S no spark 
try » rew capacitm Substmitton 0 always iheeasMsr way 
10 Ct>cc* lor a deterTrve capoctoi it u most i iipuriant to 
obia*n the correct value of caparnc* rtom ttye manufac¬ 
ture or Service Station as an tneorm.! tyijw will adversely 
affoci the life of the contact points 

3 8 Sparking plugs and leads 

1 he sparking plugs should he lemovud. clNunHd and 
tested evnrv 3000 miles, ancf mure Irequently if thuro is 
known 10 bt uxcRssive oil consumplion nr iinuhle with 
starting and misfiring Tfw preliminarv exommaiiori of the 
plugs will he most helpful m assawng the working 
conditions A plug which has been frtiud to a worn 
Grygine which uses oil wiD be fouled by • wci bluck 
depoo't 0 * the plug itSeH may be faulty M the deposit is 
black and soft tfic tual mxiuie 1 $ 100 rich A light grey 
0' brown dapootr d almost whila. it a ugn of a weak 
rwiture but if of a darker CQfOur rt can be taken as a sign 
tfvit rtie plug is htiryg properly and tfye mi iture strength rs 
correct 

The beer way lo dm »yd loqt pHigs n to them 



shot on on oft<cia> machmo and tested under 

pmssjim A «p«rfc mo pJug may spartf quit# won tn iho open 
and VC4 faii ufKjer CYtmder pressurm II the plug must bv 
cleaned by hand, qo over the threads and the alcctfodes 
with ■ wre hnwh Oean me plug menni with a norntwl 
piece o4 wood, not a sharp metd ob|Oct F4c the ctec 
trodn to » bright metallc surface and set iherr id pre 
correct gap by bondirtg the outer aleetrode only 
RG 3 6 :how>s the mechod of chechatg tfre gap whch 
should he het we e n 02^ and 0^ tneh 

k a alweyt admabie to rens’W the seahtig wasnws 

whe« f«D4ctfig the phigs m the engine Do “•ot over 

tgl ite ri 

The earlier type of otack lead should bo chocked for 
chalet yiMilatron. crardc.s and other defects Runrvnq an 
engme m the dark wiB often show where icakage « 
occtmng. paiticxitarfv «> provvnrtv to earthed metal obfects 
Renew all tautfy leads and thus avoid constartt trouble 
from difftCuli starting aiKl erratic running 

Latfri loath w'ure initially cofcjuied Uglii rod and 
had a praphited synthetic core which might rimili irt a 
very high ruiusianuv it brokon Misfinng would then be 
tioubtesomo Lato in 1960 these caWw were replaced by 
fln or^nge*re<1 type I ha most likely ciiblu to tte dwiecitvu 
wltan thu liglii rad type iii insiaticd is tlio ono froin tho 
disliibutoi to tho coll. A break in The cor# will eventually 
damage the outer insulatinn. partir.ularlv at « heixl If an 
utwruneier is nwaiaNu all the ieods ot cables can bo tested 
for resistance to prove whether a break is present 
Kemcive them compieie with conrreulars and ;otri w IIm.* 
ohnvTKrtor ottaurog good contact with the ends Move 
the cable about and nsretch it drghtty dunny the test 
At app«UH«naWhr 20 dog C Or 68 deg F the following 
roadrrgt should not be esceedeo 
Hpstion co4 rahSe 6000 ohro Cables lo cyWelcis 1 and 
2. 25.000 ohms and cabfos to cylmdars 3 arsd a 1 b 000 
ohms 

N the rawSing s noC steacK and the needle P<M «0 
Inghct readings btc core ts clefectve 

hwarSetenre on redo and t e lg v ia »on ts ehewnamd by the 
use of ihme tynlho« core cables but tmino them 
eSanunds ttke use Of the ^and-hrpe conrwctm ueMead of 
the STOAdanl intemof-vrew tvpe it. fear •aampSe a VHf 
ratio IS to be mtaUed it is necessary lo tit a suponpo^ 
tkstntMifor rutnr arm and four suppreunr adupturs *0 the 
sparkmg plug connectors To fit the connectors to m* 
cables, cart w nendiKl to ensure perfect contact Ttrw 
rrmthtnl is as follows. 

'll IS txitui'bki foi the svnthtftic rora (u tic pushed out 
of lliu cable bv th# gland screw Therefore, tgime/a the 
cable with h pair of pliers at the place whore thu cuiiriucioi 
fits. Incorioct asdembly will le<id to faulty contact and thn 
cable may be hiirrunl through 

The gUtKl'typo connectors are only suiiublo for cables 
wilh syntl^chc cores, tfut is. tliosc which are colnitred 



FIG 3 6 Gnugii irncfcniiiut (a) .should tm 024 lu D28 
inch when Ihn sparking pluy gap 


red o« orartpo led Do not use them on cabioc with o 
copfwi wire mra 

3 9 Fault diagnosis 
<a) Engine wtli not fire 

1 Battery defechdrged 

2 Contact breaker pomts drttv (abed or out of ad/eP 

rpMU 

3 OiStribulOr CJp dvry. Craduxl or trudung 

4 Cartion brush «nrd« drstnbmor cap not m contact 

vwth ruiar arm 

5 Fautly caWes or loose comoctKine n the luw- 
terrsKin cocwd 

6 OttirdMdor rotor arm oackod 

7 Fauibr cod or cCil toad to disaributo* 

8 Brakan contact bryuker spring 

9 Contact pomts stuck open 

10 Faubv capacitor 

11 Fai4tv igmtmn switch 

(b) Engine misfires 

1 Chuck 2 3 6 end 7 m fa) 

2 Weak contact bicoker sprmg 

3 Plug anrl roil hiqh-ienmnn leads nacked or perished 

4 Loose sparking plugs 

5 Sparking plug insulation cracked 

6 Spiirking t>lug gap incorrect 

7 ignition timing too far advanced or roturdod 
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CHAPTER 4 

COOLING AND HEATING SYSTEM 


4 :1 C>eM:ription 

4 : 2 Removing fan and housing 

4;3 Servicing heater box, silencer, heat exchanger 

Prior to Aug. 1962: 


4.1 Description 

The ongtnal cooWtg and haotng tysiem ■ 4krtiraied 
n HG 1 1. The curved Nedes of the fan can be seen 
behind the tiller cap The (an is mounted on the front end 
of tJie ger^eraior shall, the reai end of the shaft carrying 
a pulley This is belt-drlvon from e pulley an the or>d of 
the crankshaft and turns at approximately iwice engine 
speed. 

The fan levofves tn the top senti-arcular haM of the 
sheet meui housing ei front of the angme^ (Rawing its atr 
from a Owmostaocahy controlcd mtaM m the front face 
of die housing. Iho c«t be efearty seen in FIQ 4.2. 
The controtling ring it abnosi ctoeed when the engme s 
cold, so rostncting the volume of ooohng air. When the 
engme is hot a thermostat tilts the ring to allow more arr 
to reach the fan 

Th«> casing surrounding the fan is extended down¬ 
wards to enclose the cylinders, and aw from the tan t$ 
divemd by deflectors 10 give equal cooimg io both sides. 
The healed sv a eiecied through ducts facing rearwards 
undP the engine These apertures Can be opened or 
dosed by naps and a eonbol be t ween the from seats 
When they ate closed two more flaps taceig f o rw a ed 


4 4 Removing and replacing cover plates 
4 5 Air control adjustment 
4 ; 6 Adjusting the fen belt 
4;7 Fault diagnosis 


arc opened senuttaneouefy and me heated am « ducted 
so the car mtenor 

ft wti be realised from ih& description that n ts vitai 
that there are no Oil or eihaust leaks v> the system or they 
may contaminate the av used to heal the car interior. 


The redesigned system: 

To overcome the poewbiiitv of coutanmanon cf the 
ae in the heater syssam by od and exhaust fumes^ the 
1962 modab are htSed nnm a muddied ae heaeng 
wrangement Tha consitts of feined heat exchangers 21 
ei FIG 1: Z. The ezhauH gases passing through the inner 
bore of these devices oansmt heat lo a large surtace area 
of fmning Some of The cooling air from the fan is diverted 
to the outside of these heat exchangers, where it Is 
heated and ducted to the car interior if required 

A further mocbfjcatron to this scheme was introduced 
on the 1965 models The art intaka controiing nng was 
scrapped and this a ll ow ad large volianes of art for 
eiseriar he a tmg lo be ava»laMe at afl times The engos 
cooing air« c o otio l bd by flaps connected to c iharmo 
sxat 16 TNa ensures a rape! svami-up from cold 
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Fio 4 t Locking the back flann* o( th« t»H pijllry to 
ennble tli* nut to be un»cr«weil 


4 2 Removing fan and hou»«ng 

!>».■; can badore mth t^’• - •. • • Jhe ca* as ro<itwvs 

1 Remove the tsr^slt Do not try to pma the b«it 

over the puifey fl*f>gea MnWi i: -.f ouncv 

' ■ /; tn » vj gw dn ^s* ■ the hoia prowdwt 

a» -FIG 4 1 the r - ' 

<;en^ !■%. .<<acirv) jrai tiic bsR 

2 Otarnnneci The oaltCr, 2 " f ♦e^.C»-e tT» r^-r ^ood anti 
-- •, IkJILCIS 

3 C- te<enT tnotleb *v-' '‘x Mo •eo»' hoee* 

one tr-r- - . s*3a of the t*' ^ 

4 Accortk yg *c -^Wle’ nr--_r-» ttii. peftetattv cjibtes and 

ihOM 1o» the cartKjtdtCt cno*^* anti cv‘ fv^nsurt switch 
Hmiovv the from ih» rt»i Rc.TJOve the vacuien 

pipe and the fuel hose 

5 Disconnect the acca<w«tm cahle MKi puM «T out 
ihfough the front Remove titc carhuretter On rucoiM 
models, lake off Iho distributor ceii aiiii poll off the 
vpufkmg plug connectors Also on these motiels 
remove the riqhthand roar perl of the lower hoi oir duct 
end tliv iherniostat securing wirww Unscrew the 
IhorfliOStilt from its rod 

0 Remove ihp ganeraior secunnn str^ji and the two 
v-rvAS. one from each side indiLatvU at A in FIG 4 : 2. 
On vehicles with the olikr type of control nng shown 
m the pBusUdtiOn. unhook the Pipring B and rernove 
screws C. Lift oft tFv» fan hout^'r^ togemer with iho 
geneiator ^nd tan 

Ot models ftlfcd with heet e<changarsand hapeontroK 

i| If p o H4 i** to che^ it» = ’ . :omovinq cii^ii sentws 
from the Sovwr edges o* the tan The ftaos wiU 

coTTB ew*T complete * ionoccUna -‘.t ehvr the 
bf^ retUPTi ipnnej hii issen -jruiv«>ed Note that there iS 
a rwbbv v>op tn tSe r^hand ntr 


Removing the fan: 

FIG 4 3 fhow^ ttv* fan mounting m Mn-bon ft tfw 
fan housrnq hm not been temovod difconmict the 
aer^teauv I..A/-.S remove ih- driving b»<i aixl Iheri 
urvocw th'*- ^ *■ ^»+5crww* wh*ch securs th: fan covw lo 
the »J*n ho»^ ng Refease if-e q»rw»v*-/ strap and wfi jwav 
Ik goncraCiV CcrvA*r-» with Ian and cr»vw 

He*' "T’ of UK fan and ^ - r*w the sf>*n r»ji 4 
PiiB • ‘.‘.sr-Kr 6 fsr 8 'i'**- . a^ ftwt^ 

A . ■ »c» 1 arid '*'-h ‘ Note Woodrot* k • 3 .. i-V 

Replacing the hm 

Pre^s ih" ■ aL ipghl ntme on tJhe shaft la* 'ng care ro 
eov.f* .1^- K |rO;X . seai.H. Fit Ih* SMf»nS 

I—i:iwed uv the Tighten • <^ng md 
to $ loigiii of 40 » 47 Itlb Now rhvi - ihe c'eaienoa 
hetwren ft»C* tan and Uh; cover »1 pneii A o the iltuiSTaiion 
dimrnwon slioald be 06 lo 07 -neh arvj it can be 
adFistvd hv ineans of the spacing wavliurs It ooK one 
wuvliof IS needeil place it hetwvun the huh arid thrust 
washer 1 pulling the other t^vo between tfiv krekwashwS 
and Iho fan }>pacing washers ran only be effrtciivc it 
placed hi.twMon the hub an<l the thtuM w^nhur Finally, 
fit thM guneraioi and f«n. tighten th»t covui scrawk. thun 
(liM gonciatof Mr^p and reconnect Iho cables Fit and 
adiust thv Iwll as described in Section 4 6 

4:3 6ervicir>g henter box. sikencer liuat exchanger 
Prior io Aug 1962 

On vahicloa without the haal OXChangui type of 
irHtalC4«>fV the niulhod of dvccung w»tm *« to the 



FiG 4 2 Uwrsg a rvia to Mt tha top llangas of tha fan 
Kawsmg and ragwiator nng covractly A »a a tm housmg 
Mcwring screw B is tha ragulafnr ratvm spring- and 
C ara tha rmg sacuring scr ews O is tha r«»*g operating 
tavar 



>m««ior tft 4ho«vn on PiC 4 4 Th« function DoK* 2 
•uftoind Uti front evttjufi oroes on «»met wi». iufl 
loonapd of the nngtne mountra flongt The boaet ^ 
txified to Ih# io«^ he«ong ctunneH 11 the rear ends 
c4 in4iich form the exit ^enuree for enyme cooling ■* 
To drveri warm air to the c«i miefxtr. the catrie 7 as pulled 
by the control between ihe seats and this moves Hep 13 
At the same time rogole lever 3 will open valve 1 
The two operatiorts have (he effect of resttictmg the exit 
of warm air (u the rear and diverting e enstead through 
Hesibfe pi pes to the vttenor 

Rernovrnq Miencer and heater function box 

H cony te n Mrvxang Of the system « mtanded it w4l 
be as well to lemove the wteiKei loo This is done by 
removing the bolts from t)*« preheating pipe flanges, 
ivrieasing (he exhaust pipe clips and removing (he bolts 
from the rear exhaust pipe flanges Check the silencai 
and ppes for cracks, corrosion and doinage. particufarlv 
at the foint between the tail ptpe ar>d plencer Leaking 
gaskets end cracks can lead to comamnarioA of the 
healed au to the cm inte r tor The tail pipe must not touch 
the body and must be he at ed and set to obtam efearanee 
To remove a funebon box. detach the he«44c heater 
pipe from fha top outlet A m FIG 4 4 Detach the control 
caMa 7 and ri^ease the eihausi pipe ftangc 4 Release 
tho slotted screw 9. remove (he cotioi pm from thu rear 
end of rod 12 and unhook tho rod from flap 13. Lift away 
tlur box and exhaust pipe 



Fto 4:3 Mounting of fen an gonarntor thaft. A ift the 
rotfuired clearance 



Ray to Fig 4 3 
3 Woodmff key 
• Lact«ra»nai 
9 Faecotw 


1 Thnip wat h ar 
4 Fan Mciaerg n«a I 
7 Spacr^ wamer* 


Fto 4 4 Secliofl through heater box and eontrola prior to 1M2 

IUTteFia4;4 1 (•< *^101 *jr« ia ID cv »iMner 2 Haetex itmcMh boi 3 Toggle (ever 4 Em^«t pgie 
9 Toggb p>»ot « Law* retwn t^mg 7 Hm»v convP caPi* S Cabb ciamp and M 9 Stodod eacvitg M»a* 
to Urdr tt t owu hainng ci u nwa( 12 C a n o of red S«i lOlUp 13 Heet conPd fUp 
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A 



B 


FIG 4:5 Correct fitting of weatherstrip on edge of 
cover plate :it A. Correct fitting of rubber grommets 
round large air hoses to heat exchangers at B 


The box is roadily di&mandod by removing tho screws 
from the flanges joining the two halves. Link 8 is attached 
to lever 10 by a pin and C-washer Clean ihe parts and 
check for damage and corrosion. If the sealing gasket on 
the outlet valve 1 is faulty, renew the valve complete 
Check that this valve i$ fully dosed when the control 
cable and knob are in the closed position Lubricate all 
pivot points with graphite bound with a little grease. 

Install the box in the reverse order to removal, but make 
certain that every point has been checked where fumes 
could contaminate the hoaiod air. Fit new exhaust pipe 
gaskets after checking that the flanges are dean and flat 


The heater control cable: 

This can be removed by raising the car and slackening 
the damp which secures the cable end to the operating 
link Remiovu the rubber grommet from the guide tube 
and slide it off the cable, Inside the car. remov'e the 
threaded cap and pull out the knob and cable. Note that 
the longer ertd of the cable goes in the righthand guide 
tube. Drive out the cable pin Before installing a new 
cable lubricate it with universal grease Turn the control 


knob anticlockwise to the stop and then turn it three 
turr>5 clockwise, install the control, making sure that tha 
guide nose enters the slot.in the threatJed sleeve, which 
should not project above the edge of the cable guide tube. 

Removing the lower heating channel' 

The lower heating channel 11 can be removed afte' 
the junction box and silencer have been taken off. by 
relessing the slotiud screws. Alter removal, check il for 
damage and for tree movement of the flap. 

Removing silertcer and heat exchangers (after Aug. 
1962i 

To remove the silencer, first remove ihu rear cover Plate 
(see operation 1 in Section 4:4) Remove the heat 
exchangei chimps at the outer ends ot the silencer (two 
bolts each) Remove the clips from the rising raar ends of 
the heat exchangers where rhey connect to Ihe warm ar 
channels on the silencer Remove the nuts from the 

silcncer-to-cvlntder-head flange. Take off the pieheatei 
adaptor pipe by removing the screw from the left exhaust 
flange anti withdrawing the pipe to tne rear Remove the 
four screws securing the manifold pieheater pipe flanges 
just outboard of the exhaust flanges Take off (he silencer 
and remove the old gaskets 

When replacing the silencer, fn new gaskets and chock 
that the flanges are meeting squarely Check all connec¬ 
tions to ensure that they will he leaktight 

To remove the heai exchangees, remove the mar cover 
as described in operation 1 of Section 4:4 Remove the 
exhaust flange nuts at IImj front ends of the cylinder 
heads. Remove the clips connecting the rising roar ends 
of the treat exchangers to the warm air channels on thu 
silencer ends From underneath, detach the two brackets 
on each exchanger from ihe coverplate (two screws). 
Remove the exhaust pipe clamps at tlie extreme outer 
ends of the silencer and take the exchangurs off in a 
forward direction 

Check the outer shell and exhaust pipes for signs of 
damage or teaks If the heat exchangers leak, it is possible 
for poisonous fumes to enter the car, Make sure all flanges 
meet squarely and fit new gaskets. 

4 :4 Removing and replacing cover plates 

1 RcnK>ve the front and rear cover plates as shown on 
FIG 1 :6. On cars with heat exchangers, the rear cover 
is removed by detaching the two large hoses and Ihc 
carburetter preheater hose. The fan pulley cover is then 
removed. Outboard of the large hoses are the small- 
diameter manifold preheater pipes. Remove the three 
screws from the sealing plate behind each pipe, noting 
the asbestos seals. Remove the cover 

2 On earlier cars without heat exchangers, remove the 
front ^nd rear cover plates, the generator and fan 
housing corrpletB. and ihe fuel pump cover plate 
Remove the exhaust system and then the lower fieating 
channels (see the end of tfie preceding Section 4 :3) 
Remove both cylinder cover plates after removing the 
sparking plug connectors. Remove the crankshaft 
pulley and then the pulley cover plate. Take off the 
pushrod lubes and remove the cylinder deflector plates. 

3 On models with heat exchangers, after removing the 
front and rear cover platos. remove the generator and 
fan housing complete with control flaps. Ramov© the 
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carhorettO' and inlei manifold with pre^aater pipv 
RenK)vt» tha mar air deftecTor plats arvd th« lowar pan 
of the warm sir duct Remove the adaptor pipe lor the 
carbirrener preheater pipe from the lefrhand wde lift 
off the cylinder cover plates take off rti* tan puKev 
and rertovc (he pullsv cover 

Repfaemg the cover plates 

Reverae the 'emchrai sequence On earf; ~ : "1 rrw 
Cvindai deflrrtor ptiKS ~^St bc frltcd 
rods and ooshrod tubes. Sei them shqhOy «0 tr * they 
prrs» aqa<n« the cytrrtder sreds to pr^. C-' 

CMl, check Ih fii o< the cv4>nder cover plates Tf , must 
rrtake complete conUc .1 with the tan housmo tc v . 
kK of ceoanq an AHo check ihc teak ig caps munti the 
sparting paug ~ — tors vS'hen hnirtg the cow plai«i 
make sure That the two !«» of me weather nrtiieace 
ihe edqn of the plaiet so that both are sealed at ?hown 
ai A on FiO « 5. 

On caiS With haai exchanqers check the asUittos 
seals rcxrnri ihn manifold preheatei pipo Tha cover plate 
must not touch the heM exchanger pipe connections and 
the two rubbur gtomrnetx for the large hoscs inuit be 
titled With then flat faces in contact with the cover plate, 
as shown Mt 8 nn FIG 4 : 5. 



4 : S Air control adjustment 
On vehicias with regulating ring. 

The rirty n shown on FIG 4 2 end was fmolfy dropped 
from the an regulatutg system m 1964 when the 
mockr^ were anrsounced The poptton of tiw nrtg - 
thermostaticalN controlted and it must bt caratuly 
adfusted or tfwre wil be COOlurg troubles tf it 
penrwnentty open or opens too soon, the engir-;^ ji.4]l 
warm up foo slowty This «nB lead to sprnmg back* 
the carbirettw and eicessw^ (ud consumpeon tr rne 
nng : slow lo open, the enq<f« .* get loo 
piMcutar^ when workeig herd n a hot cknaw Howevo 
the rritg wrh jrw*vn open hdty 4 the ' itty 

so that the engioe cannot then oveh ea t 

To #d|ust the regulator riryg: 

The method IS shown n FiG 4 2 tV-en the eng - 
cold the nnq should rest agamst the intake flange in 
dightty prdoadod powtion To adfusl it oorrecth with 
the ertgifw in the car release the operating ':ver 0 hv 
slac.kening tfM damp nut At normal outmrte tempetaturo. 
wHrm up the ongmo until the uppc' end of the tf>wmo$tet 
touchub ifie upper stop ot thu support bracket The 
thermostat is undur the engine on (ho ngfithand side and 
can hn seen below the pushrod tube on FIG 1:1. Sut the 
regululof ring so that the top rim ts 79 inch away from 
the tan housing flange as shown In (hu illustration 
On 34 hhp engines with heat exchar>qers set the flongas 
apart by 1 lo 1 20 inches Tighten the operating lever in 
this posidork 

To ad|ust tha nng rf the engine « out of the car hkJ 
edd ktt the thermostat to the upper stop of ils supporbng 
bracket With the operating lever slack, set the ring as ei 
the prccadmg paragraph and then tighten the lever Now 
ssexae the thermostat n position Make sure that the 
facM madvwed on the Uppad boss of me thetmoiKsi fit 
m the gmde hoN m me supporting bracket Turn trie 


thermosiQl until th> is correct and tighten Ihe sucurinq 
bolt The regulator ring should no'w rest against the inlako 
flange m a slightlv preloaded conrktion Note that there is 
a nibber Stop fitted lo the nm of the legulator ring to 
prevent actual metafile contact with the Ion hrxmrK) 

Adjusting the air control flaps on models f rom 1965 

It o a s t s u m a d that me cylinder cc-'r claic and fan 
housirtg have ..'^a^a!led with me ccv'trol haps m 
popiion n the bonom nghthand and lofl^> j • im • hTs tjt 
me hovsmg Screw iha mermosrar on io its * ---j 

rod bora bHow but do not secura to the brarkae It cm 
be seen as iiam 18 ei FiG 1 : 2 Loosen the nut .'irsu 
me thermostat bracket press the control haps the 
open powtion and move the bracket until ih# sop r>f the 
memaostat « the upper pan of x*: brocArt 

Tighten the bracket nut and check the opetatori of the 
flaps by moving the thermostat up and down Tigrnen the 
thermostat securing scr«w altv clicking that the lappml 
boss fits snugly in the bracket 

4 : 6 Adjusting the fanbelt 

As Ihe bell has lo drive fniih generator and fon ti must 
iransinii cunsirlarable power at high speeds. It is there 
fore essential to kuep it free from oil and conioquunt 
detenoraiion, and to make sure that it t$ tsnponad 
correctly A belt which is too slack will slip and c«uw* 
er>gine overheating and underchargii^ Of the battery 
A bell which IS too tight will be fiabic to break nrvl may 
cause damage id the ganuroior beanngs 

The method of tensonmg the beh can be seen on 
FIGS 4 1 and 4 8. First remove the outer gcneraior 
flange as shown m the fust illustration The saewtktver 
« msersed m a hoV ^ the mnar flange and Hjppurvad 
aganst the upper generator housing boh Wher^ n-.^ 
ts imscrewed die assembly w4i come opart es w the 
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second illustration. The packing washers are used to alter 
the distance between the two pulley flanges and thus 
turisiort the bejt. Any spacing washers which are not 
actually used between the two flanges must be fitted on 
the outside, under the nut. 

If tho belt has been rurtning slack, remo\'8 a packing 
washer, reassemble the parts and check the belt tension 
Press one section of the ball midway between the pulleys 
The belt should yield about | inch under firm pressure 
If the belt is too slack, remove washers, if it is too tight 
add washers. 

Renew the belt if it has stretched so far that no washers 
remain between the flanges when the tension is right 
Also renew it if it has evidently been running on the 
spacing washers, or if it has become oily. Be particularly 
careful when adding oil to the engine to keep it away 
from the belt. Do not try to lever the belt over the 
pulley flanges, or the belt will be ruined and the 
pulley may be damaged. Always slacken off the shaft 
nut. 


4:7 Fault diagnosis 

(a) Engine runs cool, warms up slowly 

1 Regulator ring opens early (first system) 

2 Regulator ring stuck In open position 


(b) Engine overheats 

1 Fanbelt slipping 

2 Regulator ring not opening (first system) 

3 Control flaps not opening (second system) 

4 Cooling air leaking oui through cover joints and 
sparking plug covers 

5 Sump, oil cooler and cylinder tins caked with din 

6 Carhuretter out of tune, ignition wrongly timed 

7 Exhaust system blocked 

(c) Heating system ineffective 

t Control cables broken or out of adjustment 

2 Heatur box valves and flaps not operating 

3 Heatei pipes disconnected or leaking 

4 Engine not warming up properly 

5 Air leaks from badly fitting cover plates on early 
systems 

(d) Heating system will not shut off 

1 Check 1 in (c) 

2 Heater control valves not closing, gaskets faulty 

(e) Heater air contaminated by fumes (first system) 

1 Oil leaks from engine 

2 Leaking exhaust silencer end pipes 

3 Leaking exhaust manifold flanges 

4 Leaking heat exchangers (second system) 

6 Fuel leakage from pump or carburetter 
6 Leakage between cylinders and heads 
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CHAPTER 5 


THE CLUTCH 


5:1 OMCrtption 
5 2 Routine maintenance 
5 3 Removing end inspecting clutch 
5 :4 Dtsmanlling clutch 
5 : 5 Reassembling clutch 


5:1 Description 

The VW «ii^te*plste clutch « bolted to the front face 
ol the Itywheel ^ shown in the sectioned view on 
FIG S 1 Flywheel 12 a secured to The crankshaft by * 
hollow glend nut vidnch carries a needk rotter bearing 10 
Phs beenng supports the rear end of the transms»on 
dnve theft 3 wtech ts ttw c o nnecticn between The engine 
and the gearboix when the clutch a engaged Loosely 
9knad lo th» tfiah e The driven ptaat 11 whch carries 
etncbon hnmg 13 on each (ace The plate s sandwiched 
between the hom face o# the ftywhed and prcesure 
piaie 14. Whan the chitch is engaged The tncbon imings 
ate hrmly gnpped between the ft ywheei and the pressure 
plate by the action ot compression springs 8 In thp 
position power s transmitted from the engine through the 
driven piste to the transmission sheft 

Wliuii tiw clutch pedal is depressed, shaft 1 is partially 
rotated and o fork mounted on the shaft moves rcioass 
beerirtg 2 towards the flyi.vheel until it contacts release 
plate 4 and moves the plate to the right The retaas«i plate 
then presses on the inner ends of three levers 6 which 
pivot on fulcrum points The outer ends of the levers draw 
the pressure plate away from the driven piste against 
Ihw prvMupe of the spririgs through the agency of bolts 
and nuts 7 Now released from pressure the driven plate 


S .6 The release mechanism 
5 :7 Refitting the clutch 
5 8 The opereting cable 
5:9 The automatic clutch 
5:10 Fault diagitositi 


filuwfi to a stop and tho engine is no iongur connected in 
the gearbox 

5:2 Routine tmtintanance 

The chitch fin«>gt wear sfowty and thn uffacts the 
clearances n the operating mecharvsm Every 3000 rmles 
on vehicles up to 1956 and every 6000 esies on sub 
actiueni oiodefs. Check the amounc of free pfay at the 
clutch pedal pad as shown on FIG 5 2. The dutanc* A 
shcMiiri be not leas ttwi eich nor more 9>m 41 wch 
To ad}ust lor oortea cloeranoe a s rweesaary so locasa 
trie cable end at ttw duach operauig lever }usi above and 
behind the rear aide on the Mihand side as sl»own by 
the lop arrow on FIQ S: 3. On early modeK ad)ustmeni 
was made by unlocking and turning a liaxagon nut. 
Later models me trtled with a wtngnut While makf>g the 
adiuatment hold tfie unthreaded part of the cable end wttii 
a pair of pliers. Check the adjustment by depressing the 
clutch pedal several times and then meesiire the free 
movement at the top of ihs pad as before. It Is important 
to ensure that the stops on tlie wingnut engage in the 
recesses in ths operating lever After making ifw art|ust- 
moot, smear the nut and liiread with greese 

On models before 1960 it is necessary to apply the 
grease gun to the nipple on the pedal chiMOr every 
3000 miles. 
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FiC S:1 Section through typicei clutch nsRombly. 
Carbon thru&t ring 2 may be a ballbaaring on some 
models Bolt and special nut 7 differ on recant models 

KcytoFig5;1 1 Operating shall 2 Carbon thrust ring 
3 Mam drive shaft 4 Release plate G Release lever sitriruj 
6 Release lever 7 Bolt and soecial nut 8 ThruM rir 
pressure spring 9 Cover 10 N«<fdlc bearing in gland nut 
11 Driven plate 12 Flywheel 13 Clutch faction lining 
14 KrK!$!$tirv plate 


5 :3 Removing and inspecting the clutch 

The first operation is to temovc lh« engine as instructed 
in Chapter 1, If it is likely that the same dutch assumbly 
Will be replaced, mark the relative positions of the clutch 
cover and the flywhesi to ensure correct balance on 
reassembly. To prevent distortion of the clutch cover, 
release the securirsg bolts a turn or two at a time, working 
diagonally to avoid tilling. Lift away the Clutch assembly 
and the drivert plate 

Examine the contact surfaces of the flyw+iee! and 
pressure plate If they are scored or cracked it is possible 
for them to be reconditioned by grinding and a VW agent 
should he consulted Scrap the driven plate if the linings 
have worn thin, or if they are oily or have a very dark 
glared deposit on them. It must be remembered however 
that a glaze is quite normal providing the lining material is 
not obscured by a deposit. In any case, if the clutch has 
been in use for a long mileage it is advisable to replace 
the driven plate. The minimum permissible thickness is 
approximately ^ inch. If it is decided to retain the original 
plate, Cfwck the fit of the splined hub on tbe transmission 
shaft. The splines should slide freely ycl witliout excessive 


play Tight spimes will affect dutch operation and guar 
changing Maximum permissible laiural runout of the 
linings is .003 inch. 

Check the condition of release bearing 2 on FIG 5:1, 
The illustration shows the uarlior type using a carbon 
ring in a cup. Later assemblies use a ballbearirrg. If the 
carbon ring has worn thin so that there is a dangur of the 
cup contacting the release plate, renew the assembly 
It IS not possible to fit a new carbon ring into an old cup 
If the assembly uses a ballbearing do not try to 
degrease it or clean it in solvents because it is 
packed with grease and sealed. If the bearing feds 
rough it must be renewed To release the bearing, lever 
out the wire clips from each side. These have hooked 
pnda which engage butiind the operating fork arms as 
shown on FIG 5; 7. 

Check the fit of the operating shaft in the transmission 
casing bushes. The bushes can be renewed if necessary 

5 :4 Disryiantling the clutch 

It must be understood that this is an operation 
which the inexperienced should not attempt. 
A press is needed to dismanile and reassemble the dutch 
and very careful setting of the release plate and levers is 
needed it there is to be no trouble with a fierce or 
juddenng clutch. 

If the owner feds competent to carry out the work, the 
rollowing instructions will enable hirn to Ho so. He must, 
however bo prepared to renew the three bolts and special 
nuts 7 on FIG 5 :1 as they are inevitably darnagad rtunny 
the unlocking process. 

1 The first operation is to mark the relative positions of 
the cover and the pres-sure plate and the release levers 
wilh rospect lo ihe cover In this way the original 
components can be reassembled so that the balant:e 
IS correct. If major components rreed rcnoviial it is 
recommended that a 'AV service station he consulted, 
as balance will certainly be affected 



FIG 5:2 Clutch pedal free play is measured at A. 
it should be not lass than inch or niora chan incli 
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2 ?\hvm the ctutch tn th« flywheel and pul ihe two 
assemblies under h press Usinq three distance-pieces 
press down on the cover flange until it cuntirnts tha 
flywliael. ProcRsd to unlock the three nuts from bolts 7 
and unscrew them. Remuva the springs from the 
release plate and levers, release the plate end finish 
dismantling. 

3 Checking of all the parts then continuas. A warped or 
grooved pressure plate 14 on FIG 5:1 must be 
reground or renewed. Maximum permissible runout is 
004 inch, Also check the fit of the pressure plate lugs 
where they pass through the cover plate as slackness 
here will cause faulty clulcli operation. Check the 
tightness of the pins in the plate Check the thrust 
springs 3 against the mforrnation given in Technical 
Data. Never renew one or two springs but always a 
cainplete set. Check the cover for cracks or warping. 
Renew it If cracked and straighten it if warped. Check 
the release levers 0 and release plate 4 renewing any 
parts which are cracked, worn or distorted- Renew the 
release lever springs 5 if they have weakened. It will 
be understorxi that the contact face of the flywheel is 
also part of the clutch and its condition must also be 
checked- 


&;5 Reassembling and refitting the clutch 

There arc a few points to be noted before reassembling 
and refitting the clutch An important one is that a 
new driven plate must be used in order to adjust 
tfre release mechanism correctly, Before April 19S8 
the driven plate rim was not divided into sprmgy segments 
to provide a flexible mounting for the lirtmys and the old 
typo of solid plate should be replaced by the new. The 
bolt and nut 7 which carries the outer end of each release 
lever has been superseded by an eyebolt carried on a 
split tubular pin and provided with locking flats for the 
nut It is extremely difficult to unlock ihc nuts without 
ruining them and replacements are elweys nscessary. 


Reassemble the clutch as follows: 

1 Insert the release lever bolts mto thp pressure plate. 
On the latest tvp« using the tubular pivot pins and 
eyebolts, fit the pins SO that the slots face awav from 
the pressure plate. Always fit nuw parts 

2 Place the flywheel on the bed of the press and refit the 
new driven plate and the pressure plate. Fit ihu spring 
caps into the cover 9 in FIG 5.1, then assemble the 
springs 8 witfi spring seats. Fit the cover over the 
pressure plate so that the three lugs line up sird the 
marks made before dismantling line up too Check that 
the spring seats are correctly located in the plate. Take 
a 2 Inch bolt and screw it into one of the cover fixing 
holes in the flywheel. This will ensure that the cover 
lines up with the flywheel hotes. 

3 Compress the cover on to the flywheel, taking cere 
that the pressure plate lugs enter the square holes in 
the cover correctly. Bolt the cover in place and remove 
the guide boll. Release the press 

4 Put a touch of lithium grease ort the release lever pivot 
points and fit them, taking care to check the marks 
made before dismantling so that balance wiH not be 
affected. Install the nuts, or (ha washers and nuts on 



FIG 5 ;3 Clutch cable adjustment on lefthand side of 
trimsmission casing. Top arrow shows adjusting wingnut 
(or hexagon nut and locknut on early models!. Lower 
arrow shows bolt which locates shaft bush 



FIG 5 '4 Chacking the squareness of the clutch relAMSc 
piste using e steel straightedge. Measure at several 
points on the clutch periphery 


later models, always using new parts Adjust the levers 
to the same height provisionally- Use a litile lithium 
grease on the contact points of the release plate 4 
Install the plate and the sets of springs. 

5 Refer to FIG 5 ; 4 which shows (he method of checking 
the alignment of the release plate when the clutch is 
fitted to the vehicle. This method is also used wltert the 
clutch has reached the point of assembly in Operation 4 
Adjust the release lever nuts until the release plate 
working face is 1V*± ^08 '^ch away from the fly¬ 
wheel. Oil vehicles before 19B0 the figure is given as 
1.02 inches. Check the runout of the plate at several 






FIG S t Correct sattmo of clutch withdrawal lever. 
With release bearing) contacting release plate, lever 6 
must Inollna forward not more than 2 dag. Sea text for 
setting at A and B 

Key to Fig 6:9 t Cluich cable 2 Ad]uaiiny thread 
3 Locknut a Adiutling nut 9 Withdrawal levar 

6 Ooaranng thsft 

poinli It must not exceed 012 mch Now pres dowr 
on the relese plate aeverai times to operate tne cAitcF- 
and racheck the ediystmem When Mtiftioc me 
ad|utt>ng ruts bv peenm^ 

6 Remove the dutch from the ttywheei by undomg the 
nuts a httle at a bme, working diaqonaliy to prevent 
tilting end distortion At the seme time biocA the release 
levgra or pmss down on the release lever ploto 

S: 6 The release mechunism 

While the transmission caamg and the engii^ apan 
It vwl be 9 good ocporturyty to check the condition of 
ihe releese mechantsm The removal and examirxaoon of 
the refeaaa beamg has been covmd m Section 5 3 
To remove the dutch ooorahng shaft 1 on FIG 5:1. 
first remove 0*e ouBide beer to wtuch the caob a 
csnnecled Early models hed a lever htted wrth a dampinQ 
bolt Later rnodeis have a lever located on the shah by a 
cirtito Remove the bolt or the cirdip and pull off the 
lever, followed by the return spnng and Ihe spnrvg seat 
The shuft runs m bushes m the transmitpon casing 
Remove bolt indicated by lower arrow on FIG 5 ; 3. 
This secures the lefthand hush Slide the shah to the left 
and remove (he bush, the washer and the spacer sfoovv. 
Notu that on recent rrtodeb the bush i$ a plasitc one with 
a rubber seal on each sadt The lumovxl of the bush gives 
the durance tequred to dale the shah so the nqhe msKle 
The canng so mar e can be rem o ved Che^ bodt shaft 
and bushes for wear Rervew The return sprmq it tr cs weak 
RaattemMe et the lewetw sequence kibncerirvg the 
shaft with IrtfsLsn grease Refit the Qoerstmg lever and 
Check It against FIG 5 $ after the engtrv* and dutch 
have besn refitted Tfvs rsperation q covered in 
Section 6 :8 


5:7 Refitting the clutch 

Before bcitirtg tfw dutch into place, dean the trane- 
mwsion shah spimes and thart cckai them wth some 
mcfvbderxjm-dauiphKle powder appl«d with s pwee of 
clean clO(*r or I brush and the surpkq blown tway 
The na«t step 4 TO ptowda a mandrel to osntie the 
driven ptate wfsic the clutrh cover is boflod lo the 
flywheel As shown on FIG 5 1 it is essential for the 
driven plate hut 11 to be m bne with neudia bvwmg 10 
bwfore the transmission drive diah can be pushed into 
place while dis wngtne is being fitted If availuMM a spnre 
drive shaft can be used or a ntirpned mandrel fashioned 
on the lines of the one shown on FIG 5 0 For one 
application only, n wckjM be enough to turn up a 
wooder marvtrel from a piece dowel rod One 
diametet must Aoter the needle beanng «id the othet 
would be a neat U m the driven piste hub a pfc noa 

HsvTto cenr*4i;ed the driver piate fcthecfutch covo* 
and tghten vecurmg boRs evenly and dMoonaPy a 
imle ar a nme to avotd biting the cover ihAnie the marxM 
• suD m pUce operste the roicas* mechanism a few 
tifT^ and check tlw alignment of the roioaas pU*e 
This operation can also be performed if the engine has 
tust been removed and the owner wishes to cl^ck the 
condition of the driven plAtn The mandrel must tie in 
place and the ralasse plate pressed a few times iVleasuiO- 
ments are then token as on FIG S : 4. working in three or 
four positiom round the peripharv If the dmenpon ts 
down to 1 45 mches men the Irungs are worn sruf me 
place must bt renewed Remove The mandrel 

Refd th« en^nc. taking the greatest care to imsuie that 
tr>e of the engme does rest hing on the moM dftv« 

shaft H everyfhtng is iept square there shodd be no 
charsce of damage to the tefeaae beanrsg 

S 8 The operating cable 

When the cable is ruLonnseted to the operuling luver 
It will bo povHibie to chock (he angles accoiding to 
FIG 5 : 5, On tho uurly type illuSUated. it will bu seen that 
(ha odfustinq nut has a spherical face in contact with the 
(ever On this type the lever will bo correctiv positioned 
d The cable thread |ust lightly touches the adf^ of the 
hole in the lever at A. with the clutch engaged When the 
release bearing can }ust be felt to bo m contact with the 
release plate the lever must ewlme r^t mere than 2 daq 
When tha pedal « ospressed artd the Cknch withcktwn. 
the upper edge of the hols at B rnus not touch the canie 
thread Any trouUe at these pomts wit lead to bucking 
and failure of the cable Often the fauh kus wrth a worn 
release beartriq Apply a little grease to the face af tlw 
adjusting nu( 

Renewing a clutch cobia 
Raise the roar end and tako ofT the leftharKi rear whael 
OfSCOmact the cable from the operating lever and with¬ 
draw the rubber boor from the gtade tube Full the cable 
tfeough rn* boot At rhe from. On care wrth mocharMcal 
orakes withdraw the brake pushoar between 2 tr^ 4 
>nche« to the frpnt On cars with tiydrauiic brakes. <hs- 
connaa the prttoo puahrrjd of the brake meste* Cylinder 
Disconnect the accelerator cabls and thun remove Iho 
pudai cluster from the frame tunriut Pull the cable (lircMrgh 
the hole thus exp^cd 
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GrvdM new cable with unjvervy antJ inion 
It Ni the hole in the tunnel. To feed it toto the guide tube, 
put KV(i fingan betund the tube 30 that thev form a trough 
and puih the cable along tf>e trough until u cnien the 
tube l*ufth th» cdbbi nght through and ht the rubber boot 
Apply un(v«t»ol gicase to the eve at th# tfoni mn$i ot the 
f y>ie artd arteeh it to the pfidat thafl hoo^ t^itn an 
esM^tam tn keep the caWe onde* tendon an- fwvo«g the 
pedd wciticabv tnech the peilaf Ic tunoet 

Mae* u=r» th* pedal slops arc cortectt, olaced and trat 
ih» master cyletdor putfvod a cteararK* <>< >' 

the me cable adiustr^ “«r tt tr*e reai enn 

»r«J ♦mrai. t»W ^StJlaDOn K e^|i.-Strt»g th* pejV « 
play n Section 5 2 

Svtpng the clutch cable guide tub# 

The adjustment applies to all modds and <• earned out 
It the cade prowA 10 be Strft m operation fUrlw to 
FIG 6 8 which shows the rear end iJ tho guide tube artd 
cade II tha guide lube is bent down too much the 
natiie will be stiff to operate and may el«u bu liable to 
brook A wnall bow rs deliberate and gives a Slight degiee 
of friction tn the cable to prevent clutch chatter and also 
mnkM» Iho coble smooth In operation 

If the how IS too rruiiih the yuidu lube can be shortened 
slightly by removing the lube and rable To intirwase tfie 
uniooot of bow, insert washers at tho pumt indicated 
These must go batwaan thu guide tube and the bracSet 
which IS part r>f the Pansrnission cover On •arty vehickes 

4 buw of i IP 11 inches will be found suitable while on 
more recettt vehicles the bow should be between ^ and 
1* inches 

5 9 The eutomatic clutch 

A sect^ through the autamapc ciitch le given or> 
RGS 9 TWdvMcertacombmaocnolaaumrtocluict 

pamf2.13 23 ^ 24 wid a gearshift ckjsch parts 11 
15 end 22. bod» operatong indepertdenthr Th#m n m 
m^irud clutch pedal When mpvmq oH the eoi^ne « 
speeded up end certtnftigal roHavs 12 lend to Ihr outwanls 
Thnechon «o«nu ind<ned faces force* presaurv pUte 14 
agwrwi drrvoo plaie 24 and thi* l»nw •% (ee«eed harC 
agamai the fare of ftywhed 23 to ukiog up th» din.« 
Wh#ii oomtng »o a 4tOp. with th# engirMi ticking Over 
the worghU move inwards and relette the driven plate 
SO thJ«t th« drive is disconnected 

Fur goot shifting there is a separato dutch This is 
Pinilar to the standard car clutch but thu raluasu 
mechanism by way of shaft 5 artd a vacuum sotvo unit 
can dinimgogo this dutch for gaarshifting When the gear- 
lovof (S moverl to initiate a gearchange, a switcfi m tho 
lever passus curicni to a solenoid which opuraios a valve 
III tho control valve box This connects the vacuum sanro 
unit to the daprvasian in the engine intake marufold The 
cfupliragni m the unit is deflected by aimoephe/ic pressure 
and this movenwnt is trunsmrtted 10 the op#ratirtg lirver to 
dtvmqaga the goarshiti dutch A vacuum tank it hserred 
n tho system to ensure that there o a reserve ol vacutan 
■vaitabi# in al cunditions 

As auon as the geadever ts released the ckitch stahs 
to le ertgoge ■'. two carehiHv-reguiaied uagts At first 
ih* dmQtmt vacuian falls lapnlK arid tfie dutch iiarts to 
gno The second Stages then a more gradual engagement 



FlQ a e Uaing N niandrel to centre the clutch driven 
0lete 


depenrfinq on **ngir>® spood and the deprrwuurtn in the 
intake mamfokl Valve* in thp control btw arc vacuum 
operated so trial fast opening of the engine throttle after 
geitr changing lead* 10 i3p«d engagement of the clutch 
and vice versa 

Thar# a m fnrewheoi 20 between the two dutches. 
The gearshift clutch m engagerf on Marting off When 
commg to rest the starting dutch siarts to ditengao* a* 
arprosimeialy 1000 rev.'min The treewneid rww starts 
lo funcbon and trartsmiTS tti» enc*w farming effort tfucugFi 
the gewsMt cStiTcti The freewheel abo cewnam the 
«ng-r^ , yj roPd wheds When the vefvck re puihed on a 
gradient and the osar » angaged or when tow ftsrting 

Automaitc dutch removal: 

Remove the cable hom the igmbon COtl 10 tfta control 
vatve The vidre w*n be found on the eidtema irdthard s»dt 
of the CompartTTvem Remove ths pipe* from the 

ntei.e man»fo*d to th# control valve box, the one trom 
tfic vdvc to the servo une anrf the one to tlw cartmroltcr 

Remove the engine mart the positcn 0 # the dutch and 
rvlwau »Ciows 3 oo FIG 5:9a imle at a time, working 
diagonaky to avCMrt drstorting the clutch cover 7 Further 
rlismeniling to •xurriinc the Starting clutch will be virtually 
impossible for the normal owner Inicouso o special 
serrated wrench is mguirvd to unscrew the gland nut 19 
which necuroa t)io flywheel 

Check the gear shitting clutch m the oionner described 
for tfur ordinary transmission clutch m Saotlona 5 3. 
5 4 and 5:5. Note that the carbon ring release 
bearing must never be replaced by the ballbearing 
type Check ihs release mechanism and rein lire clutch 
according to Sections 5'6 ard 5:7 

Control valve box removal: 

Uft dia rear et the vehrde on blocks and reieove tM 
lefthand rear wheal Detach the cable and Pb^ frtvn iha 




nc 5 7 Th9 clutch r^Mt9 t>€»nag lns«1 staowrs Oft« of 
ttt« two cl>p« ooevting the bearing to tfw opetating fofb 


FIQ 6‘8 Amount of bow in clutch cable guirie tube 
indlcatad by lefihnnd arrow*. Correct figure* ere given 
■n Section 6 8 Adjunment t* made by fitting or 
remuvir>Q wether* a* shown 


conool R6le«r«e the control front the sde band H the 
conbol Km been faulty m acboa onfy the lalenord can 
be renewed The vafyee are set dunng merHjfaclure artd 
need rto mointenance The filter must bo cleaned every 
15,000fiv/e*. but more frequently tn very dusty ccndrbcns 
Remove the fdier wash a m solvent and blow dry with 
CO(npr«»«ed air Oo not wet it with o«l 

Clutch $«rvo rertyovel 

Lift the re«r of the vehefe on blocks- «id remty.e the 
lefthartd rear wheel Hole the posibon of trw adfusbng mn 
on die ««rvo had and rhe locaean of the backet ^.eiTxive 
The COhw fsn end unjc/yw the adyusorv^ nut 
down on tfw t^ver fe> reliev e {vessure Remove the 

ConnectiAg pipe and remove the nuts te> release the eervo 
end bradtet 

To repteoe the unrr. check that the rubber boot faetwoer. 
the unit and the br»dkrt is property veered Restom the 
ediustinq nut to iw coneci oosibon The measu'wnefrt 


should be 9 inch and the clistafKB between the cluwah 
lever Of'd the servo unit bracket should be 1 418 Inch 
This must bo mea.sured with the clutch levot pulled down 
until the resistance of the release plate cen be folt If 
adiustmoni r» required, loosen the lever clamp bolt 
H rMTcessary. runew the aluminium washer betwoon the 
TWO Ic-.K^H When satisfied, tighten the ciamp bcft lo 
43 t>ft Take uo el pfay m tfw operatng mechanism 
while the clamp bolt s being tightonud 

Cleaning end adjusting geartever conteett 

^ die geaflcver. bend up the »leiiv« lockpfate hold 
the fticeve -with a sparviw and looeen the locknut 
Unscrew the »i«BrTe ar>o remove the upper pert of the 
^vw with the spnrig Poltsh The ooiiUci urtKes and 
remove rough edges with a fme hjf ft gtc Cuntarts are 
bwfTy worn, renew rherr. This « d o ne (Ty dttCOnnoctrre) 
The cebk cT the valve concrot bo* and puUmQ $t rhioirgf^ 
the gaadever L>tt tr>e gearfever boce arvt poah cha ruhtwr 
nng erff me cable P»4J out tre contact and ci8>»* Reverse 
the femov£’ satuence to etsull the new parts. pUring a 
nmv lockplate over the locknut Oft tfw gearievef Thesrtwl 
Ta«aed pan rnm be uppennosr Rofn the i«ic>er lever 
with deeve and sprmg and screw on ppmf. Ac^uM tfw 


FKj S f A eectton tbreogh the aato<n«t< dutch 
Plate 22 for the oear shift dutch arid otate 14 tor the 
•lartmg chiteh 

Key l« fig S S ^ Starts rng 2 8oc*«r head icrew 
1 read screw a imw and cut** ctwicJi ipnnqi 

" oparatwg lew* sarerg and rtanarg be* 

Civc*; rtw*** beanng 7 Quich $ fitWaw t«aw 

fi C* sad 10 Rdcasa lever It rriiaura d«~i 

TJ Ce^wavpai r^rs 1$ ftoaer houeng la P»wwre ple*» 
T5 C>r.»»»*dv»^ 1! Socket heedfcrsw 17 Socket icrea 
ii Dowtr ^-«^ 18 Gland n«c wch Micr Mwaaoh* 20 Ftev wfwei 
21 Stenrq l^Ap* 22 Ootch dda ige«t #iai) 23 f^yvWeut 
24 Mwvwo dutch ptm» 
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contHC! gap bv screwing thg sl&eve on until the contacts 
are dosed. Turn the locknut until it touches the sleeve 
with the raised part of the lockplatc engaging properly in 
the sleeve. Turn the sleeve back one-third of a turn to 
give the required clearance of .010 inch. Hold the slenve 
with H spanner and tighten the locknut. fina»y turning 
the lockplate down over the nut. 

5:10 Fault diagnosis 

On standard clutch: 

(a) Noisy clutch 

1 Drive shaft bearing ir> gland nut worn 

2 Driven plate fouling pressure plate 

3 Weak or unequal release lever spnngs 

4 Defective release bearing 

(h) Chatter or grabbing 

1 Transmission case mountings looss 

2 Bow in cable guide tuba incorrect 

3 Uneven pressure plate 

4 Release plate running out of true* 

5 Unequal strength of pressure springs 

6 Distorted cushioning segments m dnven plate centre 

7 Grease or oil on friction surfaces 

{c) Dragging or incomplete release 

1 Excessive clutch pedal free play 

2 Dow in cable guide tube too great 

3 Driven plate or main drive shall running out of true 

4 Uneven setting of driven plate cushioning segments 

5 Driven plate friction linings broken 

6 Needle bearing in gland nut defective or not greased 

7 Tightness of drive shaft and driven plate splines 

8 Sticky frretion linings 

9 Felt sealing ring m gland nut light an main drive shaft 
10 Stiffness In operation of clutch pedal, cable and 

release mochanism 

(d) Slipping 

1 Lack of free play of clutch pedal 

2 Grease or oil on clutch linings 

On automatic clutch: 

(a) Noisy clutch 
1 Check fa) 


(f) Grabbing of gearshift clutch 
1 Check 3 to 7 in fb) 

(g) Grabbing of starting clutch 

1 Chock 7 ill <b) 

2 Friction faces of pressure plate and flywheel uneven 

(h) Vehicle 'creeps' 

1 Check 1 in (a) and 3, 5 and 7 in (c) 

2 Idling speed too high 

3 Starting clutch release springs weak 

4 Centrifugal rollers Sticking 

5 Driven plate too thick, seginonls unevenly set 

6 Excessive clearance in cJutch opeiation 

(i) Slipping 

1 Check 1 and 2 in (rij 

2 Feulty gaarshift clutch 

3 Sintered coairrtg on starting clutch plate worn 

{j} Clutch will not disengage when changing gear 

1 Electrical circuit of solenoid faulty 

2 Gearlever contacts dirtv or worn 

3 DefuctiVR solenoid 

4 Connectirig pipes leaking oi disconnet;terf 

5 Servo unit diaphragm d«fet;tive 

<k) Vehicle jerks when lever is released after 
changing gear, with engine idling 

1 Starting clutch not freeing, centrifugal rollers sticking 

2 Starting clutch plate rnlease springs weak 

(l) Gearshift clutch will not engage even when 
accelerator is depressed 

1 Gearlevar contacts Sticking or bridged by burrs 

2 Shortcircuit in cable between contact and solenoid 

3 Control valve solenoid sticking 

(m) Gearshift clutch slips too long after gear has 
been selected 

1 Pipe between carburetter and control valve diaphragm 
leaking or di-sconnented 

2 Control valve diaphragm dcfociive 

(n) Clutch may fail to engage after gear selection 
but grips hard when accelerator is depressed 

1 Dofpciive treaviiheel 


VVVl 
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CHAPTER 6 


THE TRANSMISSION 


6 1 0«acriptN>n 
6 2 Tr^nirmsston ma»nten«nce 

6.3 Removing trancmis&HXi a«semblv 

6.4 Servicing non-synchromeeh trenemimsion 
6 5 Servicing 3-eY*^chromesh transmiMion 


6:1 Description 

The rhree besic forms o( transmtsston ere •llusfrdted m 
FIGS 6 f snb 6 2. Pr»or (o 1960 ihe rr»nfimi»s»on Cdsing 
was split vsfticallv an<j housed either a crash lypa set of 
four speed guars or u set with synchromeih ongoysmHnt 
on the second, third and fourth gears The crash’ gearbox 
however, coniinund In the Standard saloon until Aiipust 
1983. With the chortgoover to synchromesh ettgogcmenl 
on uK fmw forward speeds the casing was atso changed 
to 8 turtriol Ivp* wnh the peats and shafts fod m from the 
Iron! and the wsemblv comjrfeted by fitting a cover m 
shown in FIO 6 2 

On 3>»vnehtoiriesh assemblies ir w4J be seefi thai 
secDndl PiMd and fourth geai$ ere haficif and are m 
constant mesh to ensure silent ooeratpn TTvs atoo 
appfics to first on 4 svn c hron i aah atisr*^* ^ 

Ob cie#i gurticues Th«d and tovrsh gears mm twteai 
arvl m eor»i»At mesh 


6 6 Servicing 4-svnchromesli tranemiuion 
6:7 TrentmiMton modifications 
6:6 Georlever and control rod 
6 9 Fault dtagrtotis 


The revuna gean on aariy systems wore housed in the 
eearbo* arsd meshoci with iiw first .speed gears In the 
later sv«*ni shown in FIG 6:2 a gear 18 mirshes with 
reverse gooi 32 in drive shaft 31 m the opposite drrociioo 
m the main drive shofl Splinod gear 30 can be engaged 
with fust speutf qaar 11 to give reverse 

Goar selecnon on the tlvee-synchromesh tiensmission 
can be followed by refemng v> the top vrew in FIQ 8:1, 
The clutch driven plate is splmed to the rigbthend end of 
ifrive shaft 11 80 tlua when the cluidi is engaged all the 
gears on that shtft ore rwolvmg Second, thud and 
fourth speed gears on the shaft of pinan 8 are m oonaiant 
mesh with die three on the clutch drive shaft but are 
free runreng on the pmion shaft Any one of Choae gears 
can be engaged, through the agency of typcal synchro¬ 
mesh cones and drdmg dogA io hubs wench are spfmed 
lo the peeon #udt to co mpiete the edwe Fesi gear • 
selected by sfidbriQ tower gear of the oar 7 to the r»ght 




FIG 6:1 Earlier transmiaaiona with casiny split vertically. Top view shows 3-syrichroniesh transmission and lower 
view shows the 'crash' or non-synchromesh system fitted to Startdard 'Beetles' 

KeytoFiy6:l 1 Front ruhbur mounting 2 Goarshih rod and lever 3 4*h speed year trcHo 4 3rd srwcil year iiain 

B Drsin piuy B 2nd speed gear (rain '/ 1st spaed year tram B Onvtr piinon and shafi d Differential pinion 

10 Differential side gear 11 Main drive shaft 12 Clutch release hearing <3 Dutch operating shafe M Starter 
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FIG 6 : 2 Sectioned views cf the A-synchromcsh transmission 

Key to Fi(| 6:2 1 Gearshiti levei 2 Front rubh^i mounitn^ 3 GeersinK hoi.i$>no 4 4iti geer tiem 

9 Synchronizer stop ling for 4th Qeer 6 Gear housing or carrier 7 Synchronize/sleeve and hub for 3id and 4th gear 

8 3rd gear train 9 2ndg9Sf'rain 10 Magnetic d^sin plug 11 Synchronizer sleeve and hub tor Ut and 2nd gear (also 
usud in reverse near tram) 12 Mam drive shah {iront) 13 Isigeartrain 14 Bearing retainer 15 Shims For drive 
pinion mci^tiiny 16 Bcofing (biiH or taper roii«r) 17 Drive pinion 18 Reverse dfiw ncor 19 Dtfferentipi s>de {tear 
20 Dilfetennal iimudii 21 Transmiiision C8i>Mig 22 Cliitcii opnrnMnj shaft 23 dutch release bearing 24 Mum drivu 
shaft [rear) 25 Selector rod (3/d and 4th gear) 20 Selecror fork (3til anr) 4ih gea/) 2? Lever lor laverae gem 

28 Selector fork tor reverse gear 29 Oil fille'plug 30 Reverse sliding gear 31 Reverse gear shaft 32 Reverse drive gear 
33 Final drive or side cover 34 Crownwheel 35 Fulcrum date 36 Rear aide shaft 37 Shim 38 Differential housing 
39 Hitvfirse iiivijr support 40 Ruverso lovur guide: 


to engage the small gear on the main drive shaft The 
reverse gears, which are not shown, engage gears 7 to 
provide a conira-roxoiing motion. 

The flii-synchfomesh gearbox opeiaics as follows. 
The front mam drive shaft 12 in FIG 6:2 carries fixed 
first and second gears and also drives the hub of synchro* 
mosh selector 7. The third arxl fourth gears run freely on 
needle roller bearings The stieft of drive pinion 17 carries 
a similar arrangement, but the lower gears of pairs 4 and 8 
ore keyed to the shaft toqRther with the hub of synchro¬ 
mesh selector 11. Forks slide ilte outer members r>t the 
synchromesh assemblies 7 and 11 lo right or left to select 
each of the four forward gears, the driving dogs ineshmg 


when the syncluomesh cone clutches have niaiclied the 
spaerls of both members. The gear teeth on the outer ring 
of synchromesh assembly 11 are meshed with sliding 
gear 30 to provide reverse gear. 

The final drive pinion and the crownwhoel are rnartR in 
matched pairs and iheir correct relative positions ate most 
impartant if silent running is to ba ensured- Sideways 
adjustment of iha crownwheel and differential asscnibly 
is made by shims 37 in FIG 6; 2. Fore and aft adjustment 
of the drive pinion is made by shims 15 in the same 
Illustration, tn the gerirfmxes illustrated in FIG 6;1 the 
adjustment is made by shimming between tha fourth speed 
gear on tfia pinion shaft and the front double-row ball- 
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F^G « 3 Location of tilhno »"d Uvol (Hug for lubricant 



FlO C 4 location of tranamiaaMn dram i)iu9» 


b««nn 9 *•*<> Ihess two boxes, tfw two tront beanngs 
•fo tocetad in the ce$«>g by spnng tetoi m or abutbru} 
theu outer raoe« and by tt« end cower As the reet 
b»«ir> 9 t not pofttrvetv located endwise m the caaq 
« cen be aopieciaeed tfui the slems behAd the front 
beann® of the pAion shaft wil adiust the foic and eft 
pcftbon of itw puiion. posiiivct location bong assuioo by 
The clamping of tho Ironf bearing imdei tlia front cover 
Before proceeding wiih instructions for servicing the 
transmission we must stress that official '/W Service 
Stations use many procision devices » set the piraon and 
crownwheel positions correctly If wiRaKo bevaiderstood 
when the gears and shafts aro ass«mfibwf m itw 
tunnel type of caang shown m FIG 6 2 e «s r«t 
® Choci the Mssferrthf. nor the cofrao turKtiomng of the 
sotecior toAs OfbciaJ VW methods o*r<>iov « f«*iure m 
which me ihefp and sefectors ate assemMad at^ checked 
before they me fined irtto the casing As these iirtures and 
devices arc not available to the iKirmal owner we advnw 
him to entrust the assembling of a transriiiHsion which 
incorporatis now pails to a VW Scruine Station The 
alternative « to us© the Excharigu systum There is no 
reason why the hansmission should not b© dtstnuntled 
providing every care is taken lo record the position and 
thickness of ihimnang tea correct teoMumbfv Those 
pans wt»ch do not affeci the posrbort of tfw seJertor 
forks or the dnv* peuon can ba r en ews Aer^wal of 
**'• casAg helves, the peuon end csownwhcef; ftw 
differential cage end beanngs and th© ginv% shaft 
beatings wRi ad requec the speoai techniques to» 
accurate iocaaon rust mentioned 

6:2 Transmission maintonnne© 

This « confined to loppAg up or chanyiriq the hibri 
eating oiL but there « an associated adtustinurx* whch 
has a great effect upon the satdfauory working of riw 
mochamsm mude the tramirvetion casir« 
Thrs adfusanwrd d to «W ckrtch ooetatusn Ref^ to 
Chapter S and make sure ehji the ciutch pedal ctemaixe 
n mantaifted ai the cofroct figure Any iMdoncy for the 
dutch to drag will have a bad effea on thu syncNomwIi 
cofies, causing ihem to west rapidly 

Every 6(X)0 miles check the oil level rn the transmission 
by removing the level plug in the fefthami side of tlw 
capng )ust loiward of the axle tubes, at shown in 
FHj 6:3. Top up with SAE90 Hypad of unnl ri starts to 
overflow Too hianed a Ming may give a false mpreesron 
so waif a tew rwr^iles and add mere lutyicwf if tre IomI 
lAside has fatten There a only one SIw plug, as the geo« 
boa and rear male ant k j bncalad bom § conwrw soiaca 
fvery 30.000 mil« ikaA the oil compieipty whiie * • 
1141 warm Remove both dram plugs as exheated m 
FIG 6:4. On all-synchromerft gearboKcs the dram dug* 
are magnetic to clean them of adhering particles of steel 
Refill with Hypord oil, uvng slightly losx than 4 pmls 
Sudden overflowing from the filler hole may bo due to 
rapid filletg no pause now and then to allow the oil fo 
settle mside the casing Tho oil iev^ shoiWd be up » the 
bottom edge of the filler hole A newly-asaQfTX>ied triAs 
rtettion wiR idm almost 4^ pints 
If tfw drained od « cootamnatod wsOi many metathc 
pan»cies ar^ these also actiere m ouamity to tlwmagne« 
rkam pkjgt 4 If advisabto lo remove and diwnanPe the 
UansmisSKin lo fmd the cauae of excessive weir 
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6 3 Removing transmission assambFv 

Any dttm^ntling of (he uensmission system enuils the 
mmovNi of th« q^arbox 9nd rear axle as a untt Thcs 
operduoo • fully covered m Section 7 4 of Chapter 7 
on rhe rear axle 

9 4 Servicing nori'Svnchromesh traftemttaion 

This IS the craah' type gearbox Ajsvated «> tha (o<*» 
wcvi of FIG S: 1 It « rfnoorwnt so appnicuru Iha* Ihe 
TmQ hsiw«s of tfie varamosion casmg are macfvoed <" 
oa*rs Never try to renew one half alone R em embe r 
W that rynewrJ of the casmg cafis for aOfu^ment of 
tw pieload on the Oitteeefioal baibe»rr%qs ano pose*bfy ott 
the pnion and c* Owntet » el meshing eperatons best 
emtusted to a VW Servic* Station Renewal Of the casing 
docs nol rtoceteanly impfy renew?' of the gearchange 
hoosmg too 

To dtemantle the transmission, proceed as follows: 

1 Remove the gearchange housing from the iront end 
Remove (he clutch release bearing 12 and disconnaci 
the clutch lover return spnng Remove all the caung 
bolts and lift off the righthand half 

2 Lilt out both shafts complete. With a soft-faced inallot 
drive out the differential and axle shaft ossomblv hom 
the lefthand ca&mg Take particular care to note 
the number and position of the shims on the 
differential cage Remove the reverse gear and shaft 

3 Cut the locking wire and remove the selector fork 
screws P^ill out the selector rods from the front eivt 
covenr^g each detent hole with a finger to prevent the 
Spnng horn tumping out The pniKipIc d shown tn 
FIG 6 9. Remove de«em baOs and springs and the 
TWO interlock plungers shown in FIG 6 IS 

Chech eR parts lor wear end damage Oeerv tfw ceeng 
pen faces end remo ^ any burrs. Check the starter shaft 
arkd clutch shaft bushes tor wear Renew the detem 
spnngs it mey «r* l»«s than 9 inch er length The correct 
length • l ixh When balls and spnngs are instated e 
should taa ? a load cR 45 to mow tw w is ct or rods 

The main drive ahaft 
To dismantle 

t Re m o ve orckps from each and of shall 11 Press Ihc 
bearmgs and goats off the ^raft The two scsiohi- 
toothed gears are pan of the shaft Clean the pans arvi 
chuck for wear 

2 Try tl>e (it of the rear end pilot m the bush m th- fly¬ 
wheel qland nut Check ait spimes lot wuar and llto od 
seal scaling for scores and pitting The temovable 
gears and the ballbearings rnust be a praxs hi on ilw? 
shaft Gears 3 and 4 must be renewed m pairs. 

3 Check the shaft between centres Maximum mnouT 
miist not •xceed 002 inch at the cenlru bearing seat. 
The shaft mov bo straightened cold. When assembled 
tfw runout of (he rear end pilot must r>ol exceed 
jQOd inch 

To reassemble 

fit the twxi keyv heat the gears and bcanngs to 190^ 
n en o4 beih and press mem onso the shaft Oo nor forqat 
baereiq retairung nr^ balore fitting the frortt beermg 
Aefii tie circt^js 


The drive shaft: 

To dismantle 

1 Unlock and remove the nut then pul off the spacer and 
shims. Remove lower gear 3 and louver gears 5 and 7 

2 Remove the go»d# Peeve engagng pms and seloctof 
rmg Remove the muning nng and pull off the loww 
gear of tha per 4 

3 Remove the roler baermq leaning nng and puh off the 
rolbr beerr^ r«eng How the irwsr race is mad* up of 
two parts Dean aB pam. paying ans ntran lo the ori 
passages the iKaft 

Chech aU parts for wear end if the puiKm s worn twee 
The repiecemant pM*on vxd crownwdied fitted and 
correctly me shad by S VW Service Stabori Wear e# the 
engaging pms and grooves ei the sieave may be the cause 
of gears sicHxng out The gears can be renewed without 
affecting the ateomliled potmen of (he pviion with 
respect to the oownwhaet 

To raaesomble 

The roller bearing must bu a press lit Heat tf>e inr>er 
race to 194"F in an oil baiii and press mto pine* Tho 
frictioii washer must face the third fepeud geiii InsUll the 
retaining ring, This can Iw uxpanded with pliers but do not 
ovarstfuin it Rvriew if loose. 

Fit the third speed gear InlUiwed by the retaining ring 
Erxl float of tiMJ ycor can be corrected by fitting a ruplacu- 
nnent retamlrvg rlrig with flat sides. Thts is 09 inch thick 
compared with 08 inch forlhc Standard rOund-MCtionuci 
ring Oil all parts libetaily 

Stand the guide sWeve oo end with the internal solme* 
downwards Fit 0(ro« engaging prns equally spaced and 
teU them wtsie engaging the selector nng m the grooves 
in The pets The inmmal shoulder of the ring must face 
downwards Fe the itmaeiuig six pms K fourth speed 
gear tervls to cbsenqage speoal fen* arc avadabtt lo cww 
trouble SWs the aiaeve onto the shaft m»k>ng eurc 
the spimes engaii* co*reedy w»th Pic shaft Refe the 
double ge« targe gear fust Install the fourfi tPMd peer 
and bush End floei of the gear ^vuld not exceed 
0096 inch 

Replace the shims Those must not be altered d no ixirtt 

a#fecw>g the meifen g of the pireon and cr o w n whod have 
hecn renewed 

Frets the beanng mio place with the ball-aseembling 
groove «i the outer race facing to the front. Tighten the 
nut 10 108 Ibfl torque and loosen n Retightan lo 
4510 50 lb ft lightening still more if necosss'y to align 
thu sfilttpin liolos 
Reassembling transmission 

Fit liiG shafts to the lefihand casing InstHlI (ho dutch 
operating shah Oo not forget to do this as the shaft 
cannot be fitted after the easing halves are bolted 
together. 

Install the wloctor rods, fitting the third and fourth 
rod ortd fork fir«. followod by the first end second 
rod- and finally the reverse rod. Do not forget the interlock 
plungers Cbock lor correct interlocking by selecting a 
gcis The shah next to Ihe one sc le c t o d should be 
mmovably iodied When the cemie shah is enqagod 
Dodi out9 thafO sKxrld be locked The seleclw fork 
soews mu* Ht m twv is c eia es and be locked wtih eon 
wire after tt^^ttfeng 




P(G 6'5 Measure at points C. O and E whan dateirniiiiny 
the preloading of the outer races of the front hearirvgs 
fnor»-synohroine»h or 'crash' transmissiort) 

Key to Fig 6:5 t Mam Onv* shah front bearing 

2 Pinion iha'i from boafing 3 Gearsiiifi housi-ig 

i Transmission essmg & Rctome'ring 



FIG 6:6 The shaft assemblies m position in one half of 
the transmission casing <3-svnchrome&h transmission} 


If a new bush has been fitted to the reverse peer and 
puened over to secure it fcont il out to a diameter of 
G330 to -6319 inuh. 

Having checked the mcsftiny of tfie gears and the 
correct betJdinq of the ballbearing retaining nng. the next 
step is to determine die amount of {ireioad required on the 
(UftHf rar:es of the two front ballbearings. Use FIG 6:5 
for icfcrcncu purposes. This must be done before 
assembling the casing halves. 

A dcpif) iTiii:rnmetHr should be used for measuring, but 
It is also possible to use 'Plastigaye'. The first step r$ to 
move the two shafts fully to the rear with light laps of a 
soft faced haminer. Measure distances D and E. These 
nre the projections of pinion shaft bearing 2 find main 
Shaft bearing 1 fieyond the face of transmission case 4 
Also measure the depth of recess C m the gearchange 
fioiising 3. 

Bearing 2 must ba preloaded by -0008 to ,0043 inch 
This is done by selecting an appropriate thickness for the 
housing gasket. Subtract dimension Cfrom dimension D. 
Say that the difference is .012 inch. In order to preload 
the bearing by 004 inch, the gasket must be .008 inch 
thick. 

If dimension E Is .008 inch and the gasket is .008 inch 
thick as just daternnncid. it means that there will be no 
fireload on bearing 1 when the housing is bolted on 
To obtain die required preload of .004 Inch use a thicker 
retaining hog 5 The three Ifucknesses which are available 
are .079. .083 and .087 inch 

Use extra care to obtain the correct degree of preloading 
us excessive pressure may cause noise and leatf to 
premature wear of the hearings. 

Before assembling the case halves and the gearchange 
housing, check the shift rod bushes in the housing. Nhw 
bushes should be reamed to 5925 to .5918 inch. 

Press the differential ballbearings uHo the casings, 
making sure they are squarely seated and light home. Fit 
the differential cage and axle shafts to the lefthand casing. 
It is most important to ensure that the shims wfiich 
position the cage irt the bearings are fitted exactly as they 
were removed or the mesh of the pinion and crownwheel 
will bo wrong and serious trouble could result. 

Coat the clean burr free faces of die casing halv'es with 
jointing coitipourid and drop the righthand half into place. 
Tap the casing carefully into place in the vicinity of the 
diffoteniial hearing so that it is firmly seated and thu joint 
faces have met. Fit and tighten the bolts to a torque of 
15 lb ft. using the alphabetical sequence indicatkJ in the 
top view of FIG 6 :1. Put the three selector rods in the 
neutral position and fit the gearchange housing, using 
the correct gasket to give the desired preload on ihu two 
front bearings Fit the earth strap to the stud from which 
rl came. 

6:5 Servicing 3-synchroiriosh transmission 

Tlie top view in FIG 6:1 shows this transmission In 
section. All the gears on the main drive shaft 11 revolve 
with It- On the pinion shaft below, ifiere are constant- 
mesh gears 3. 4 and 6 which can turn freely on busfies. 
Betw'een clusters 3 and 4 is a synchromesh assembly the 
hub of which i,s splined to the pinion sltaft. Moving the 
outer sleeve to left or right brings the synchromesh cone 
clulclies into action, When the two parts of a clutch are 
turning at the same speed, dogs are meshed which provide 
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a driv«» fnini wit^wr uf thu lower gears through the hub lo 
iho pif>ion shaft Movrng tha tower First speed gear atvJ 
sleeve 7 tn the Id(i tirirtgs a similar synchromesh clutch 
nto actioo to complete the dnve from lower gear 6 
givino second speed When lower gear 7 is moved to the 
right tt m««h«% with (he inmN gear on the mart drrvK shaft 
to give bottom gear IntheoosdionaJustraiadrtrsoossibte 
TO slide two ovars (nut showo) mio mesh with gear^ ' 
to provide leverfrf* gear These can o« seen n FIG 6 :7 
The casfftg is spin wtcalftr end has e gfueuiengc 
housmg bolted lo the front face Tfie web actoss ov» 
centie of the casing caries the htxismgs for the man dnv* 
«rd prven i#Wt teenngi CarK aansrrsssiofts have a 
baMb^rtg tor the tt>$t and of the mae; drrve sh^ «nd a 
lOHer beanng tor the pe>ion b m the l ow e r v«w 
Let* trensfmaons ^ . .<oodtt roOer bearings on bod> 
shafts as Shown 

The foiiowng portts rhoM be made SO that die operator 
can decide whMhai lO proceed with a comprehenvw* 
owerhati o# ih» tr«vjn.v.rm The hrst poml rs thsi the 
hrlatna postboiTs of tfie pimon and crownwheel are 
deremened by shrm and wry acr cerate measurements 
The eojaiineni to carry out perfect meshing i$ avai'ab^ 
only at Offoai Service Statons. «nd is necsssarv it 
such pam m a new pmmn and crownwheel, a new 
dftferantial cage or now caamg halves are fined Any part 
wtech affects the avisi position of either gea- cannot be 
nmewed without the meshing havuig lo be checked with 
p rec isi on equipment Qtsmantlmg and the renewal of 
parts whch do not affect the posrtiuns of the pnnon and 
crownwlioel is sinipty a matter of using the foMowinq 
instructions Otfteiwtse the owner a advised lo have tiiS 
transmiiuiKin setviced by a VW Service Station or to use 
ihc Exchange system 

The second point m thei the casing halves arc machined 
in pairs l( is not possible to renew one half alone and new 
casings can he ohreined only as a pair. TFiis does not 
imply that Q new gearchange housinn most also he fitted 
at the same time The mstr:hed pminn arid crownwheel 
miiM.lw fittud as a pair 

To dismantle the transmission 

1 R**move the qwerr.henge houung from thv from of thu 

casing Remove the clutch release beating 12 n 
FK3 6 :1 vh»w) R«mov« the flange bolts from 

the casing and obo llic priglo nut on Uic iefthand side 
low down n front of the axle retainer plate 

2 Use J soh'faced hammer to Mparate the cssirtg halves 
Ufi the ngMhar^ half up and ov« the axle shaft 
Lift out the mam dnve shah 11 and the pinion shaft 8 
from the Iwftnand cewng The appearance of the ca^ng 
W(ti the shafts m place can be seen in FIG 6:6 

3 Use a copper hemmer so dn%« the axle shaft and 
dilfettnbai aseembly oui of the casmg ft^ There are 
tfiam between the drdermtial cage and die bob' 
bearings m the trananeapon casing natves These 
position The crowwwfieei with respect so tne drr»e 
pinioA and n a mact enportprtt to keep a nosa of tha 
shtfw removed horn each SHje If this is not done, 
tha correct meshing of the drive gears wtH be 
upeet and serious damage couM resuft. 

a Uff out the lockng pm for the reverse oeor shaSt as 
shown ai FIG 6 7 arvj than romovo the shaft and 
r^erse gears Fiomrrw r'qhrnann case remove the two 



FIG a 7 The rererse gear shaft lockmo p«< on 1 evnehro 
mesh trensmifstons Mafce sure tfMs doc* rwi fell out 
when tvmtep the cewng over 



FlGa S Remove the ecrewed pluys TO reach the selector 
forS iacSino sciews fl*syrvohromesh transmission) 


KrewfKt r'>'*.gs shcMWi m FTG 6 8. me holes grviAO 
* 1 ‘.s lo two of the iocksoews for die shifting forSis 
Also r e move the lociauow in the rTwrsa gear fork 
Be fo re puBng out the staher rods blank off each 
dasani hoSe with a hrigar as shown m FlG S 8 A* tha 
and of the rod clears tha hole a hal and spring wsd pop 
UP and could otherw tse be losl 
5 Kawng >amov ed ii ilv«a rods and the viacior forks 
dso retriew die two diterloctrig plungers which so vi 
a dr.-L r:g across the thrae selector lod hoiw m tK 
tront wad of tha casing as shown m FIG 6 16 
Remove the clutch release Shaft ft necessary remove 


VW1 


71 






fig 4 9 ftnv** ovttr dctrni hold wh#n rvmovwtq 
sdlettor rod. 'ntit prevontd lci«« of spring-toodod bjifi 
i3'«vnchrome»b transmidaion) 



FfG 4 10 Main rfnve Miatl conipononts for ^-synchro 
mesh tfertsmission The two gears srt the front end of the 
ahatt are secured hv Woodruff keys with n slotted 
spacer between 


the differential ballbedrtriQs from rhe casing halves 
Ctaan the casings and remove aM tomttng compound 
from the faces Ctoan and check the mtamai parts, testing 
the baltoeanngt when dry Check the length o# the detent 
sprngs for the selector rod dels The correa length ts 
1 inch and rhe low limiT 9 inch 


The main drive shaft (see FIG 6 10) 

To dismantle; 

Remove the letairanG the roar of the cential 

beenng and prew the bearwsg off the shaft At the hone 
end. unlock and r e nw ^ the hexagon nut Remove the 
front baflUearmg ery] the fourth spewi gear Pnso off (ho 
stot(od spacur and press (he third speed gear oH the shaft 
Remove the two Wotxfruff keys 

Check the sftfh cotwe en cemres Maavtium rpnour at 
the centre beanng seat thouk) not exceed OOt? mch 
If necessary, the shaft may be strarQhriir>ed oold. In con> 
nection with runout of This shaft rt must also bn checked 
when assembled m the casmg Maurnum riinouT of the 
spigoi hearing 81 the extreme rear end must not exceed 
OOR inch Th« is Xhe part oi me shaft which runs m a 
hearing m the central nut for the rtywHnel Having 
uxaminud all parts for wcai and made renewals wfiere 
hecessarv. the sfmfl may be ruassemfiied 

To reassdmble 

Prvsa on the ruar balllteaimg bubneaTc the shah woA 
and press; on the bearing rotainiiig nng Fir the twokoys 
Tl^ gears must be hoated ai an oU bath to 180*T befor* 
pressmg on to the shaft. Thud speed gear nut be fitted 
tightly against second speed gear, followed by the skmed 
spacer Thu skx can bo expanded with a ■r:rewdrive( ki 
facilitate fitting Fit the fourth speed guar and largo ball 
bearing The locating nng in the outer raca of Ow beanrtq 
must face to the front Fit tfse rec^wg nut and lock- 
washoi locatmg the tongue m the wat^ m the tiot m 
the shaft Tighten the nut to a tneque iif 22 lb ft and secure 
It with a tab of the kicfcpiate 

Before leavng the dnve shaft wo must repeat an earkw 
warnmg about renewing the gears k is not penrvssd^k 
to renew any o< the gears &sii^ Oamage to a drive snafi 
gear calls for the renewal its mating gear nn tho pinion 
shaft as wed 

The drive pinion and shaft (eee FIG 9 11); 

The lor* and aft location of the petion woh respect to 
the crownwheel« obtained by shimt;. Any alteration to ttw 
shimming, or the renewal of those ports winch oCUrally 
make contact with the shaft (except the nut and lock- 
washer) «dl aftoct ihts en<fwdO localton Reoewaf nf the 
gears end synchromesh clutches wfl not. k fi therefore 
recommended Thai renewd of worn bushes, ftynchromeen 
hubs and beanngs is entrusted to a VW Servrce Station so 
that correct mesh»no of the pmlon and crownwheel can 
be ensured 

To dismantle : 

1 Hold the pinion by suit laws in j vice unlock and 
remove the rtut which wfl be very tight Take off the 
sleira after reinovmg the doubSt-rcrw beitoewing Keep 
these shims wtred together for correct replace 
merit. Remove the thrust wirfcher 

2 Remove tho fourth speed gear, the syncivomesfi cone 
and the stop rmg These parts can be seen in FIG 6 11 
Remove th* gear bush 

3 Remove the synchromesh setoctor ring and hub corn 
plcta Do not attempt to dismantle it until the iater 
instructions have been road. Toke off the next stop nng 
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awl cofic. lollow«<l by th^ third «pcod gear PuH tha 
bush off the tplmwK. 

4 Ramow tha «CofXJ tpaod gew and stop rmg. WfOp the 
first tpcod gear ass^mhlY *n a ptocc of clotii ar>d press 
off tiw flaw ring This ariH retease the small shifter 
olatev springs and $i>ap nrvg These can be seen m 
FIG 6 12 Pull off ihc 

5 Take great care of the shim which ts the next 
part to be removed. This must bv correctiy repiacec 
or It wil aHert the positiort of the pinton Pu8 off the 
nog and the rollet bearrtg If rsnewrd s n eede d Dul oh 
Iho tnrMr race of to* beanng If nsciorrieter maasKv- 
m«rn of tfw vedtfi of the rtew mrter race t^iosws ifiai it 4 
xlenbcel Mhfh the o*d one there rsA be no change «t 
trte locaoon of the pmort shaft iwhen ref itted 

CkMii ail the pam and use compressed at dvough the 
atdesgs n the shah end bushes Rervae onV those parts 
wtvch «ver* reeeponod at the begirmeig ei tns operabon 
Ad ocher renrn*! incaidMg tw ^niort shaft musi ba 
envusifd id a VW Servee Staoon R-ptace the gears m 
paws even dtou^ the one on tha man drive 3h^ may b* 
•>a m om 

Cnecs itM synchforreah compotfents lor wear Frrsr 
claen the mside ot aach stop rng vnth a stiff wxp bnoh 
Press tha slop nng 2 onto the oonect gynchfoitgar cone 
»vJ maa-art the ciMiarvce mdicaied at A n FIG 6 14. 
The wear limit ■ 012 itrch Bekm ifas the stop mg inuM 
be renewed Frequent need to renew wmi stop rings 4 
traceable to ckjtch houbw if there has been dhficufty in 
engaging a gwar with tire dutch fully withdrawn the stop 
rtng slots ntov be worn so that the tooth are not aligned 
with those m the oparaiaig sleeve Renew the stop nng 
n tha Cana 

Ownurs of older cars will bo interested in the followir^g 
changes in davign Tha aarly f'rsi g«ar synchronizer hub 
hjid no groove in it Later models have a groove wNch 
pfOvents first peer from juntping out The early third speed 
gear nn the pinion shaft had 28 teeth meshing with 23 on 
the gear on the mairt drive shaft, later models have 27 
teeth meshitig with 22 Be careful to get the correct 
repiucoment Top gear on oorly rmodels was obtained with 
22 teeth on the pinion shaft gear, meshing with 28 teoth 
on the top shaft The lergei gear was later modified to 
have only 27 T*eth Tlic new parts can bo fitted to older 
boxes 

Reassombling tha pinion shaft: 

Tha >s a rewwMi of ihe damantiir>g procedure but also 
use the foUawortg nsbuciions 

1 Heat the rtflw bcamg mrvef race to 194*F m an 
oi bath ft mud be a press fit on the shaft Fokow up 
with the ifMn 004 and 008 inch shem ara availabie 
to controi end floai of parts asaembfadon the spfiried 
sartron of tho shaft Shen thiduvOSS 4 deterrmrvsd after 
the synchronoer hub for thud and fourth gear ts 
as Mwnbt o d oa tha shah 

2 fit the snap nng mto tha hub of thehrg spood asserwbfy 
wtd vhda the hub onto the shaft Rt the three cod 
spnngs and tha snitsw pUics w4h thee stepped ends 
locaHd under the leap nftg An asststam be useful 
ID press the shifter piaan inwards while the hm spaed 
gear a fmnd with its s el e c t or forfi groove faong 
forwa r d It ta rnoft important to make sure that 
tha chamfared splines slide over the shifter 
plates 
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FtO a tt hwten th»n components at front end of 
3 •ynchromesh tr—wwi esi o n 

Kev to S IS 1 R«tane;nv( 2 -ac«wa»hw 

3 Dgvcsi KM awtete ng mdv tpnng ^ S4o o 

3 W«u«o 6 ^ tpMd sear arS CO^ MMiea* 

> ^tnetwompng tsaa nra| S &.$*. $ Svncrr[a*«Mf l».fc 
to St*<firer m w Perw V Sorog nnu lor Ok/lng eonM 

12 ShiH*tqo( UocSw pistes 



fIC a 12 Syrvchrontcer hubs on S-synchrofittsh trans 
mission. On loft, liub for 3rd and 4ih speed poers with 
shifting pletc end retaining ring On nghl. hub for 2nd 
speed with shifting plates, springs and reteinino 

ring 



HC S 13 Forward speed sefector reds and hwsa 
ahowmo the detent bells and springs hRterloching 
plimqr* <s arrowed fj-cynenremesh transouesfoni 
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3 Fi« thu iMjf.orjd speed stop rmg with its «tota «nqagtng 
the shifter plutwii Fit the second and third Speed gcdrs 
with th# mtemat splinei ludhcating woil beforeharwJ. 
Slick the assembly onso the shaft Fit e synchronixer 
stop nng (the rcmairwng two are interchangeable). 

A Take Che outer sleeve which is slotted for the selector 
fork and fit e to the synchromaer hub. Fit the throe 
shtttur ptetes Now 6t the spring snap nogs one on eoch 
side so that they er^gage the smafl ips on the shifter 
pistes The open ends of the nogs should be positioned 
hettway between two pistes. Fit this essembfy to the 
pinion shift with the shifter ptates smerng rhe slots of 
the MOP rirtg efteody fmad 

6 The synchronoer hub should be wtualiy flush w'tb (S« 
face of the spinss on the shaft within a tofererKC of 
(X>2etchi and if ddnot there is something wrong 
ttfo assembly Check and reassemble Adji p a iman 
dwoepency by the shen mentioned in OperatKvi ^ 
prelerebSy so that the hub «just fkish wrth the face ol 
tfw spfcnas Too much itanding proud the spi^^es 
mayaWectthem e ih i rtgoltfwprioninThepowTrwfwe t 
6 Fn me last Mop nng wnh its Pos enga^ng the shitte* 
plasee foUowmd by the fourth &peen gear and rts bush 
Fit the thrust waMier the shims rmmeved di^ng d*- 
mantfing artd then the beanng wnh iB ftilng slot for 
the bans faeng forwiid Fitanew lockplaxe kjbneatmg 
•I with graphite grease and tighien the retaining rtut ID 
a torguv of 43 to 90 lb ft Do not slacken the nut to 
obtain the correct torque Locfc the nut If any pan has 
bea n rertewed which wilf''affect the axial 
position of the pinion with respect to the 
crownwheel, the assembly must be entrusted to 
a VW Servlet Station for correct meshing 
Reassembling transmission: 

Before rcBshemblmg, check the following points Fust 
chock the itsfter bush for vi'ear and renew if necessary 
Check the bushst for rhe clutch operating shah Renew 
the reverxa gear ShflfI and bush if worn. Sccuro the bush 
by peoiiirig and than ream to 6319 to 6329 inch. 

If there has buen difficulty with gear changing, check 
the seivetor tod detenu before fitting the pinion shaft 
Rt each rod. ditwni spnng and bail and check that a force 
of 36 to 49 (b is roquirad to move the rod The free length 
of a detent spring should be 1 inch 

Renew the oii teal at the rear of (he main dnvs shaft if 
kakaga into the clutch housing has been troublesome Oil 
rhe fep of the teat before fituog the shaft Check the 
salecsor forks for excessive wear of the contact faces 
If they ware removed fit the differential bearngs. taking 
great cate that they are squarely seated in their houpngs 
Check the diftaraobal g««s kar wear, and renew as 
follOwt Thu wil not affect the mashng of the crown¬ 
wheel and pinion provdaig me differential cage or 
housmg noc changed nor the cro w nwh ee l and pmioh 
renewed The locking pm for the dffetenijaf peeoo snak 
« «nown in FIG 6 1 The no*e witl be peened over to 
prevent the pm working out so Ciean away the peenmg 
with a drSl betorc trymg to drrve out the pm Om« cttf the 
shah and Mt out the two small gears and the iaroer side 
gears whch dme the aile shafe Check gears W wea^ 
of the laaih »rti the spharcal taatmgs ci4 tne smaS pnions 
where they eorttaet the diheremiai cage Check ttw vey> 
g e a r s and axU shad trurimorts as msoveted 'n Chapter 7 
Renew pia pmon #vad rf shoUoered 


Reasseinbla the difterential and fit the lorking pin to 
the pinion shaft Peen the holes to secure tiio pm 

There have been various changes in design of tho 
diHareniial pans so that it u importani lo vunfy that the 
correct spares are obtained. Remember that renewal of 
the differential cage or housing will ontail reassembty by 
« VW Service Staton to obtain the cotrect moshing of the 
drive gears 

Asaemblv process' 

0«1 an parts iCseraitv and then proceed as fQiyiwt 
t mMail the sefecior rods avt forks m the lofthanif casirtg 
Startmg with 9>a reverse rod. Do not forget the dciani 
hak and spnng Dressing them down and shdinq the rod 
•naa place Fit the lewse gexr and Shaft locking th« 
shaft With m* pm shown FIG 6 7 Whan turning 
the cparng about, make sure this lockmg pm 
doaa rtot fall out. Later ntadaii have a modif«d 
'•vwse gear wtneh can be fitted to earty gaarbov*! but 
t< rween-tates roundmg oH the lore* and ol the 
taliCtor fork 

2 Fa the test and second gear saSector rod and fork ar«S 
•»en the ihad and fourth rod and kvk taking care to 
repiaoa the two int«iocke>g plungers between rhe 
three mds as shown m FIG 6 16 Murs one of tfw 
OUMtda rods as rt angegng 3 gear 1 ha shah nest 10 u 
should Than be locked and snmovable When the twitre 
rod « moved to engage a gear, both of the other rods 
must t>e locked Fn the fork locking screws but do not 
tighten until aher gear shifting has been checked 

3 Drop the two shaft nssembkes into the casmg with tl>e 
seleaor forks properly engaged m tl)C opuratmq 
grooves. The retainiog rings m the outet races Of tl«C 
TWO front balOiaarings must be correctly Miated with 
their gaps sfightly above the joint face of the cuiung 
Tap both shafts liqhilv tO tlie rear us fer as the letamifig 
rings will allow 

4 Adjust Iho forward-gear selector forks. Check that the 
i:antfe rod and fork corrently engage first und xwctonrt 
Speed gears if, for example, seccirKf peat only partially 
•rtgagei. move the fork nearer to that gear Positioit 
the third and top selector fork so that both gears 
engogo tha same arnount Tighien tha locking screws 
to a torque of 18 lb ft, and replace the two piiips in the 
capng Refit die differential and axie shaft Macmbly 
into the leflharaj casirtg. replacing the shims aMKilv 
aa they were removed This <s vital to Iho rcLitiw 
poaittorts of the crownwheel and pimon and any 
faurt hare can only be rectrfied by a VW Service Sierion 

5 Run itwough ail the georchonging movements once 
more to see that ail is weh Remember in ht the eluKh 
operating shaft assembry betor* jorurtg the c«ur>p 
hahes Dean me fOittz f»ce* of the cavnQ thoroughly 
and inake sure that tr»we are no burrs Coal the tares 
and o4 s^l seatings Ailh seabng compound and 
tighten the screws to a SMoue of 14^ tbft n the 
aiphaoenesf Order tfvswn tn FIG 6 1 ttcpl 

The rnam drrve shaft oil seal: 

Ties »eal wtech « just » fiont of the clutch relwiw 
bearing, can be renewed wrthout r emovi n q or dismantling 
the transmcs&on Fea remove the engine and dwn the 
Clutch release heanng Prse oid (be old od seal taking 
car* not to damage the housr\g Ughily coat th* out*' 
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$(irtiicri o( Ttv n«w Keal with sealing compound and Oil 
ihc dr<vo sliaft and lip of Very carefully slide the seel 
into piKe so that the spring ra>g round th« siialir>g lip n 
not dtffilacad KMpmg ft quie siquve with (ho houPOQ 
drive It nto place with a dtick waited (utMilv drift 

Fitting tha front cover; 

When Ihc cover « boRed m posrtKyt there should he a 
dight nterference Se on the outer noee of the two 
beennge to that they art sociaefv located n 9te caarng 
hovsmgs This wti ensure that tf>t srtafts cannot move 
crutwrea The amount of mterfarerKc or koedmg of Che 
outer race* is betwee n 001 and OCHS inch and t* 
ac|u*rad by uemg ditferenT ttiidinessvs el paper ^askaU 
Thav ara thown in FIG 6:15. Note that the nng gatkec ^ 
is to be sue* 10 the cover gasket 5 

The first srep is to tap the shafts rearwards to the 
fultes ejiTeni Then use an accuraw depth gauge lo 
measure depths X, Y arid Z. Measurements con also be 
made by aftsembfing the cover without gaskets and using 
Ptasligago' b«hve«n the cover and Die' smaPer outer race 
end between the cover and casing faces Do not tighren 
the saciiririq nuts excesstvely or rh« cover will be 
distorted 

As an example let us say that the difference between X 
ai>d Y is 012 inch, giving excessive loading of the larger 
rece if the cover i* fitted without e gasket if a gasket 
.010 iiicli thiclr IB used It wiO reduce the loading lo the 
satisfactory figure of 002 irKh Having settled the loading 
on the outer race of the large heanng 3 and found that 
dimomtoii Z IS 006 wich for the outer race of wnaflar 
bearirtg Z. we hnd that rf gasket 4 is 008 mch ffuefc it wil 
load The bearing by 002 ir«:h. which cs ih# same as that 
det e rmined tor the targe bearing Gasket 4 must bo gluod 
into pface so that n wli bear on the ouser race of beanng 2 

Before htting (he cover examine the ^Mrehilt b<«hee 
Worn orws should be renewed and reamed out to 5925 
to S9t8 rich Set the three selector shafts ««the neutnri 
posfboa engage the gearshift (ever and M the cover 
Connea the earth lead lo rr« correct stud 

6*6 Sorvicrng 4-svnchromesit transmission 

Refer to the three views of this transmitsion system vi 
FIG 6 2 (I wilt be noted that the casrrg • of the tunnel 
type with s deep front gear housirrg 6 and gearshift 
nouamg 3 Tha mom dnve shah is m two parts 12 and 24. 
fomed by a coupling 18 which mcotporaies a pmion used 
in the reverse geering assembly shown by the view on rhe 
nglii The large bearings for tlie differential housing 38 
make it possible to remove the axle shahs 30 and side 
gears 19 without dismantling the completH unit It can 
also be seen that the first and second speed synchromesh 
unit 11 IS mounted on the pinion shaft 17. th« synchro* 
mosh uiiii 7 for the third and fourth speeds being located 
on the front drive shaft 12. It must be appreciated that the 
mnvwal of ndv parts which call for raadjustmunt of the 
selector fork positiom must be entrusted to a VW Service 
Station because the adtustmem cannot be made with the 
traiMmssion asiamblatf «i the casng Tha Servica Station 
uses a special |io wluch holds the assembfy m the relative 
pCI S aw n a wSI occupy ai the casmg and parmitB tha 
adjustment to b* cvried out 

The difte«ennaf vde beanngs ere praioacSed by DOS to 
007 Mkch by sabchrg suitable sham 37 Thaw sham 



FlG 6 14 Synchroruxar assambhr for 3rd an4 4th gear* 
on 3-Bynchro m s s h cransmivcion Stop ring clearanc* it 
msaMjrod at A 


Key to Ftg 4 14 1 4tfi sposC g«v 2 SyrMrurgnaor 

MOpingx 3 3Kt 1 peed gear 

dearanc* at A to be not leei than 012 »'-ch 



FIG 4-1S I4»asure at X. Y and Z to deteimme preload 
on outer racoe of front beanogs O-Sypchromeofi 
tracterraeoion) 

KeytoF*g4-1S 1 GemJvd hooowg 2 Uer eiHe 
stvao from oearaig 3 enon ansfc hom taarng 4 fare* 
nna paskrt S Houwag gxSyx 
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losjMihttr <Miin tho«e « trv> oth«r ^nd ot different!^ 
houAing obo control Iho ucWw«v« povtjon ol the rinq 
QMr or crownwheel 34 r«<«tiv« to the drive pmion 17 
CncKviM locitcm of the pnan with r«j(fMcno the crown 
wneei it determined by the thpcVneee of ehims 1S If eithar 
th« petion end crownwheel the CMing. the Oeonng 16. v 
the diftcrertbai housety 38 is renewed, the methmg of the 
dnve dears must be cheefced end reeec by a Wh’ 5e«v«e 
SUbon equerped with necesury preoston and 

enembfy jiyi Renewal of dte Mfe plaics ca nyeig the 
diffenwiMa beamps or the boonngs mtmiefves coav ceS 
lo* crownwheel road)ustmwit ofdy Note that the pinion 
and crowmvyheel are produced m matched pairs 
and must be renewed together Worn chanpesreed 
Oeaif must also be rtncwod m pa«s and never sinyh 
Anv adiustmenT of the peuon pouhoh wiU affect Xfit 
seloctot fods arxl these will dio need r«ad|usrmem 
From the precedinp remarlts ft will be realised 
that servicing this type of transmission should not 
be lightly undertaken, particularly if it is thought 
that the renewal of many worn parts might be 
needed. It the parts to be renewed do not affvet ilie 
adiiistment of The pinion and crownwheel or the selector 
forks then (Ire followiriq ln<itrti(:tionx can be u^ed 
During dismantling it Is most important to record 
the position and number of shims so that they can 
be replaced in their original positions on 
reassembly. 

OisnMintlirtg transmission 

Tftts can proceed aftei the sde shahs and s*dc gears 
rtew been removvd a« nitrvrrtwj -n Chapter 7. Ttt*-' do 

the loflowng 

1 Remove the from mounni^ 2 and me hpuMig 3 
r 09 frhe< with the gearsf^ft leva* 1 Mt/nr reverv* 
ssketor rod and the fbed and rounh s eis ct or rod 25 
SO that the smiltarcoLit engagvnwnt of 

one^ tne forward gears v%mI loc> shafts Futt^ th? 
lockwatfwrs and remove The rxitt from both 
These washers hthik be 'bWewvd upon Massemnly 

2 R«muv*v irie nuts secunng the geei canqr or housing 5 
noDng the pouiions of U*v eanhng snap and thnxiU' 
cahLf guide Turn the tranymsuon so that the leflharid 
yde plate is on top 

3 With great care, remove the ude plate keeping n 
M}uars all the wav- Use a soft-faced hammer tf farce 
IS needed. Use a wooden block to dnve out titc 
rliffarentinl assembly and housing 38 from the opposite 
side Keep the bearing shims 37 together in sets 
SO that they can be replaced correctly upon 
reassembiy. 

•t Rutiiovu the circlip lo liio rca* of Ihe reverse geai 
coupling 18. pull the gear back and on.'icrew ths rwr 
diivw «haft 24 Withdrew ih« «huh lo the rear, taking 
cere (hei the spimes do not damage the oil sea< lust in 
hont of release beanno ?3 Remnwv r^» remarmoc 
wde plate 

6 Round pinion 17 wiii be seen four bons wnich retam 
the pnon bumg 16 Rnwi up te« locking tabs «irt 
unscrew these botts. Uimg • leva* and wooden blocks 
pre» tha (srson lo vw front «o rru* m* pansmRaon 
w pushed ot^ of the cakr*^' Make a very careful 
note of trw shims vrtder bearing reiamer 14 


6 Remove the circlip and fev**fvi rfrivv guar 32 hevn 
Yh«ft 31 Rme out the lury and top the Shaft out from 
the reel The shaft runs m needle rolkr hearings and 
These can b* dnhed out afwr rvmovmg a setscrew 
whNtn locates the spacer between them Remove the 
seiKrew recaeing the needk roow twarmq for th* 
mwn dnw viah 12 and ikift out the boaretg Remove 
the dutch releasebeanng 23 and thstt 22 

7 P«mov« rw*rss snrhw fork 28 and gam 30 Use suit 
taws lo cSanHi hoostng 6 rr a v<e Loose n the clamo 
screws 0* the seiecx* after marking or taking 
measurements to ensrae ihar rtwy can be replaced 
m tfK<r orgmal poertona Remove t.rtl araS sccortd 
speed selector fork trom onar 11 Withdraw the 
w^vetor shaft 25 for thrd and fowith ipccd geais out 
Of the seiecioi fort 

8 a strong rutifsar band round the fust v»ood gesrs 13 
to keep tfie shafu togetliei and press out the shaits 
tfom the fiont end. This must b*> rtnnw simuniinaouslv 
VO that iIk; dnvc piiuoit caniiol till aivf dsmoge The 
needle roHer bearing at the from end of ttin pmion shafi 
This bwarinq can be pressad ciut aftur removing the 
tong sotscrow sitown in the illoslrstion. The ntsin drive 
shah ballhRarmq con be pr^ssnd nut (rnni Ihu r&ui. 

6 Runiuve liic screw from tlio rovorso lever guide 40 
withdraw the reverse selector shefr and removH the 
lever guiiiw Withdraw the sckictor shaft for fitst and 
second speed gears and remove the reverse lever from 
Its support Remove the «4«ctDr shaft fur Ptird and 
fiiuith speed gears Toko out the miorlock plungers and 
bads and remove the plugs from the outside ot tha 
housifiQ ar)|ticern b th« vcfvcue mi holes Lh out 

the spiirsgs Willi a thin scrcwdnver Set FIG 6 16 for 
• uimtar assemoiy 

liw free iengih of new detent spunga • 1 irsch wdh a 
we* ivrv? :e<vpi> 0 # 9 inch in canetot rt-nicuitv wahgiui 
rhar^eig check the force ryqurad Sj move Ihe sdector 
*od shifts A«th the pBpn arxJ m*m dm^snatis removed 
h I^.rvik3 need 33 «> 44 H> etfrm tr overcorrw the dctcrH 
bails and springs. 

Oismanifing main drive shaft 

Ihn IS The assembly on shaft 12 in FIO 6 2 Proceed 
os foliows 

1 Remove the thni.id washer and fcxjrth yiwd gvai 4 
tho noedlo bcanitg and stop nny 5 Press iho bearing 
race and assernWy 7 off the shaft and lemove the needle 
liMiirinp and thirrj spt'cd q^ar 8 

2 Tlio syrKhiontosh asseinbty con be disntaniled by 
prising out the spring rings and removing the three 
sttiiill blockers making note uf the Sliupo of lliO laltor 
lor correct reassembly 

After cleaning the parts check tor wear Put ihe .shaft 
h«tw««n Cannes and chuck (ha runout of (ho bearing 
surface for the thud speed geor It should not ewreed 
D006 inch Check the front seciion of Ihu shaft for wear 
and chuck rfw reverse gear spiioet Check the needle 
beanngs and eurtacsis. Clean the inremai c q nu s of the 
MOP rings witti a wire hnish R anuw the gears if worn 
but only at p«rs wdh the moong geer on the peiion shah 
Aa Th« ftnr and second speed gears are sold with The 
woin teeth impty renewal The sbalt In Thts case g 
K not rweessary to renew The mohng guar* on the (■moo 
«s w«4i 
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Chock Ihc ctoarsncc between ihu slop nrig tocc and 
the small teeth on each gear with e teeier geupe m shown 
at Ain FIG 9 17 Normally ii should be 043 'HCh with a 
weivbfmcof 024inch If wom near to the w«<a> rehow 
the stoo toga Abnormal wear of the stop rmgi may he 
due to a wont dutch or itKcrrect opCfObon of the Clutch 
Weei 0 # the etop nng slots causes nwM'iar^mwnt d the 
Slop noQ ie«th with rhe spiinas of the opCva<> i^^eew 
of iwcmhtv 7 Th« condrbon makes it di^ • n engage 
3 gear wwmn ihouf^ the dutdi is fuity depr*^ 
tA^le chocA^ tfie tnont shah it d a pood ptan to check 

the rear shah 24 aaweB.hrspymg me nitoi aimeasT*etne 

rev ted lor fit m the piand mit beanng n the tVwhed 
CfMk Che splines for wear and the w-orS mg surface tor 
the wif o4 sMi tor pitimg and sco r so g Check the rev«K» 
gear and itncw if wem 

Reessembimg main drive shaft. 

1 Assemble the synctwomesh unit noting that the sleeve 
which vngagaik the selector fork <s paired with lie hirb 
end thoao niusi l»u renewed logother The 1 mm gtoove 
in the sleeve must face towards the fourth speed fteai 
on QfisemblY end ihe hub has a cliHnifvr on Ihc* Ihirrt 
speed gear tide to help when pressing it onto the shoft 
Note in FIG 6 17 that there rs an etched line to asHist 
in the cotroct assembly of the sleeve and hub The 
marks must he m line 

2 Fit the thriNi shifting or blocks? plalcs in IlHhr slots aiki 
install the spring mgs with ends of^ to vach other 
Chock that tho rmt^ er^gage proporfy behind the 
biocker piotos 

3 Fit the Woodrutf key m rhe shah and put the stop nng 
for the third speed gear into piace Press the synchro- 
nnim hub and sleeve irwo posrbon on the ihett littmp 
the ihod speed gov slighter ar«i turning rt untd the 
slots in the Slop rmg engage the three blocker ptatae 
Some synchromesh assembles are stamoed with the 
rwoeraf 4 svhich ehoukf *3ce the ioielh spe ed gear 
Press the «rw>«r race tor the from noedte beenng on to 
the shaft then fit the beanrtg 3>e stop nr^ and the 
peer 4 Avnow tha thnst wasiwr 4 it m worn or 
sco red 

Otsmanthrsg pinion shaft: 

Before starting work on the ^h. remember that 
tenewal of me shaft o> the double-row baUbtfSimg (rv 
taper roller bearing) win caH for readjustment of the final 
drive guars by a VW Swice Surtton. Pracevd lo dismantle 
dS follows 

t At the fmni and pretss the shaft out of the inner rare ot 
tho needle bearing and tltc fourth speed 4 (lower) 
PriHe out the Woodruff key. Take off the spacer sleeve, 
(ho concave washer shims and tho corKsvo washer 
which precedes the thud speed gea* 6 (lower) 
Romove ih« gear othI second speed gear 9 (lower), the 

needle bearing cage and the synchronuet slop rmg 
2 Remove the clutch gear assembly 11 complete with 
^osg rmpL shdtng or blocker ptasas and slidirtg gear 
Demantle by pnpng out the sormp rtftgt. noting the 
correct wav round for the shdtmg plam to ensure 
correct reaaaembfy Remove the flop rmg the first 
speed pMt 13 (tower i and d«e sfvms conoolbrtg first 
gear and hnot 



FIG a tS Setettur rodk and mteriocSing plungers 

Key to Fig 6 t6 1 Plug 2 Seteoni *nd fo* i»vihm 
3 Scfoctor 'Od tor ter one 2nd oei?s * Seltcto' 'od for 3<d 
2iK:4tSqMin> ft Intuileckirv] plungers 



R69 17 Stop rmg clearance on synchnmirir»9 ae»«mb*> 
IS meesMred at A Irteet ehows ntsriu on aleewe end NmU 
eenectly eligned (4 eyttchromesh benemesemn. mem 
dnvc theft) 

Key to Fig S 17 f aihtpccdgca» 2 SvrK»»o»'*rri ei*V 

nrgs 3 jm iiiirni p«iV 

C«*.w.inc« •! A nul Wet 02e o'Cf’ 


A 



RG4 18 iMgearersdfioat iemeosufed el A Shims a*e 
used to obtain reouired md float of 004 to 010 incf' 
(A-synchromeUi tfememcemon) 
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3 Hoid the pinion by soti jaws in u vice and unscrew ihu 
roond nut from the shaft, removing any burrs from the 
aide faces of the nut afterwards Remove the needle 
rollers, thrust washers and bearing inner race by 
pressing off the double-row ball or taper roller bearing 
Note, in the case of the taper roller hearing that there 
are two types in use. One has a spacer ring betweert 
the two inner races. The other type has inner races 
which touch each other. Sec FIG 6:IS for a typical 
asstimbly. Clean and inspect all the parts 
If the drive pinion is worn or damaged, a matched pair 
of pinion and crownwheel gears must be fitted and 
correctly meshed by a VW Service Station. This mirst also 
be done if the double-row bearing Is renewed Worn third 
or fourth speed gears must be renewed in pans with the 
mating gear on the main drlv'e shaft First and second 
speed gears are renewed in pairs but only if the teeth ure 
damaged 

Refer to the procedirig section on dismantling the mam 
drive shaft for details of the manner of checking the 
clearance of the stop rings according to FIG 6:17. The 
same clearance is required and the same comments 
about premature wear also apply Check all thrust washers 
and shims and runew if obviously worn 

Reassembling the pinion shaft 
If facilities do not exist for checking the torque required 
to turn the taper roller hearing type of pmion shaft when 
It IS installed, the assembling must be entrusted to a 
^/W Service Station This torque must he within a certain 
range and can only be corrected by renewal of the large 
bearing, the pinion oi the housmg. 

1 Heat llie inner races of the pinion bearing and the 
needle bearing in an oil bath to 100*C or 212"F Fit the 
fust inner race, install the bearing and press the second 
inner race into position When dealing Viiith earlier 
ballbearing types, fit the inner races so that the numbers 
stamped on one face of a ring are m line with those on 
the second ring. 

2 Fit the thrust washer and inner race of the needle 
bearing. Cool the pinion to room temperature m 
paraffin and press the parts fully home m a powerful 
press. Fit the needle bearing and thrust washer and 
tighten the round nut to a torque of 90 lb ft for ball¬ 
bearing types and to 108 to 144 Ibft for taper roller 
bearing types. 

3 If the pinion shaft Is fitted with taper roller bearings, 
install the pinion in the housing and tighten the bolts 
of retainer 14 to a torque of 36 Ibft. Turn the pinion 15 
to 20 levolutions in each direction and then use a 
gauge to record the torque while turning steadily 
With new beatings the torque should be 5 to 18 Ibm 
After vehicles have covered at least 300 miles the 
torque should be 1 7 to 6 1 Ibm Never run the 
pinion if the gauge shows no torque or if there 
is end float in the bearing 

4 Refer to FIG 6:18 and fit ifie shims for first speed geai 
Fit the bearing retainer and the first speed gear and the 
hub of synchromesh assembly 11 Check The end float 
between the first speed gear and the thrust washer at A. 
It should lie between .004 and 010 inch Correct by 
using suitable shints winch are available m five thick¬ 
nesses Fit the first speed stop ring. This differs from the 
second speed stop ring by having smaller recesses for 


the shifting or blocker plaius and a larger number of oil 
scraper grooves 

5 Assemble the synchromesh assembly 11, Slide the 
outer sleeve and gear over the hub so that the slots 
for the shifting plates are in line. The longer boss of 
the hub must face away from the pinion as 3howr> in 
ih6 illustration Fit the shifting plates and spring rings. 
The rings should be offset to each other so that their 
ends do not coincide and they must he properly 
engaged behind the steps on the shdiing plates or 
blockers. Slide iho assembly onto the shaft and turn 
ilw first speed stop ring until the shifting plaios ongage 
in the slots 

6 Continue ihe assembling by fitting iho second speed 
gear the needle rollar bearing and the third speed gear. 
Tha hubs of the synchromesfi assetribly and of the 
third speed gear must nor be tight on the shaft, so test 
by hand foi backlash or free movement This backlash 
of not less than ,002 inch is controlled by a concave 
washer which is fnteri m front of the third speed gear 
and which exerts a pressure on the gear and hub to 
prevent vibration m the drive. H is fitted to newer pinion 
shafts and checking instructions are given in Operation 
7. The pressure should be about 220 lb If the hub and 
gear are tight on the shaft or tfie concave washer 
presses too heavily on them the tiansmission may he 
noisy Conversely, if the washer is not tight enougli. 
second gear may tend to jump out. Spacial devices are 
needed to find the thickness of shims lequiiod to give 
the desired result and tfiis is pan of the VW Service 
Station erjuipment The principle is leadily understood 
if It is realised that the fourth speed gear 4 <lowor) jS 
pressed on to the pinion shaft against a shoulder and it 
also presses on the tubular spacer to the rear, betwoeii 
The fourth and thud speed gears The spacer does not 
fill tha gap because it must also accommodate the 
concave wasfier and the shims Tlie concave washer 
IS always 041 inch thick and its .action as a spring 
must be tesuicied to 007 inch. The length of the spacer 
IS measured accurately and subtracted from the 
distance between the shoulder on the pinion shaft and 
the front face of the third speed gear If ihisdifterence is 
.08 inch and the combined thickness of the concave 
washer and its prescribed s|)ring travel is 048 inch, the 
space to be hlledbyshimsis 08—.048rnch = .032 inch 
Nine thicknesses of shim are available and the nearest 
to the figure is selected 

7 The concave washur follows the third speed gear, 
backed up by the shinisand the spacer Heat the fourth 
gear and the from needle roller bearing ninar race to 
SC’C or 194''F, and after fitting the key in the shaft 
the pans are pressed home, The wider shoulder on 
the gear should abut tfia spacer. Older iransniissions 
had a gear which was stamped or marked in black and 
the mark should face to the front. Note that the 
concave washer can only be installed on newer 
pinion shafts. Check by measuring the distance from 
the second shoulder on the pinion shaft <ifie one which 
locates the rear face of the founh speed gear) to the 
front face of the pinion This distance is 164.6-1.0 mm 
for early shafts and 16S.9- 4 mni for later shafts (ot 
6 476- 039 inch and 5.531-.016 inch). 
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FIG 6 19 Fintoo intf crownwheel n>«rking« «5 guMli to correct m«&hin<g 


Key to Fig • IS 
ot I rrwIlimMrt p 


ft Sundwd dimimaitiii lm«i «.»vmn««ho«' Ifw to 4-iv« p.n|<j«i fer.- r OewuHiun Uvm R >n hu^dfedth* 

Matching number of yeai c 1v»«f rjl vwth (Gs Qiaticn K<- Kiingelniwf.j> end fuimticr al (e«th 8 to 33 


Servicing tlio difforential absombiy 

Bnforn t*f bi'ng th»S operation, 0010 that looowol of thn 
difforaiitiel (.aye or ivHtsing. or of the crovkowheel. means 
thot the meihioo of the dtive gears muai be r*>«d|osied 
hy a VW S«rv>c« Station The renewal of worn pam 
must Ihtrofor* be confned to the drtfwemtftl gears 
thah It can be toon m FIG 6:2 that them a a locking pat 

thrtxjgh tn« shaft rr The upper vsew c# pMtcm 20 Remewv 

any peening round 1h« pm and drrw e out The shaft cv* 
thirt be dnHad out and the ^fferenbal pmior« ramoved 
Chock the leech and the sphencai beermg sudKe* « Ihe 
back of the pifeoni. and wtsde the houmg Ipi wear and 
ra>*ew Tfw shah d e « shouldered T>« cvownwhod cm 
be remjved if necaesw. beamp ei mod that renewal 
wsl also mean renewal of a m^hed dnwr pmmn and 
reie l^ i i nw n t of me meshng The wired bolts on later 
(ransmssiam we also fitted with spmq washers on s<yne 
mooeli If tprng washers are htted to a housing without 
madimed recesaes in accommodate them cheek that 
the boll heads do not foul the casing B«fnr« rnirttmg 
the crownwheet remove aR ckrt and buns from the rrutmg 
surfacmi Tighten the bolts to a tornue of 43 lb tt and wue 
the heads so thoi any tendency to unscrew wdt tighteti ihn 
wvB Generally speaking it is preferable to leploco Ifw 
Wired bolts with rhu later se!(*incking br>lts with Integra! 
washer 

Whuri reeHNurnbling the differential qeartv peen round 
the hole dflor the locking pin for tlio siiafi hws been tlnvuii 
horrwi 

Adftistmont of drive pinion and crownwhool: 

These ara produced in marched pairs and cannot be 
renewed singly To amure aiant rufwiing and correct 
toorh contact the pinon nxm be ac^usiod ondwoc. 
and Iha crownwlwet grvwi a tiackJash of 0067 to 
0086 *<11 FIG 6 19shows the marlmga Qivan on aach 
par of gra m but note that markings have also been given 
on the face of th« (»nion msscad of on the siwh ThegaiW 


sHis are made e»th#i by Gleeivon or Klinqelnbeig eivl 
tdcnlifiod by Q ur K Tfic duviuliun from R is givwn as r 
and stamped on rhe pirson face as well os the ciovm 
wliual. Thu l:guiw ri^irasents hundredths of a makmetre 
atxf is addod to R to give ili« corroci uikIwim pouition of 
the pnion w<th laspect so the cenhe Imeof the cbtferefttial 

asumlilv 

NoimaMv It w only necessary lo readjust the mMiuny ol 
thu pmon and cnmrrrwheei rf parts have been renewed 
wheh aHoct die postbon of Ihe two gears. 11 ths ditlaiwmaf 
housnq. s*te or diiferentiaf beanngs are renewed 
itis only nac««Mnr to rHB( thaposjuan of ttw uowfm**w» 
Bodi gears man bt reeet if the ttansnussion caaatg the 
twuge^or ilwfuarbearnq on theprmon snan haw been 
r enewed 

Referring to FK> 8 2 it can be seen that adnisuMont to 
the cKudinoss of shuns 15 will enable the dmunsmn R -- r 
to be determined Then the nng gear is edfusiod lo give 
the required hacklflUt by ahernc} the thefeneuv of 
ahme 37 it musi be remembered however that Ok wiii; 
covuni 33 aie hried in such a way that they preload the 
difforoniial bcurngs by 0028 ir«cfi on uai.h Mtiw. so mat 
shims to that thickness must be added ut cucli und of tlio 
differential houung 

VW Service Stutionu use a number of specialized 
jigsancJ precision nieasiiring devices wlion carrying 
out the meshing of the gears and It Is not an 
operation which can be lightly undertaken by the 
normal owner It Is therefore recommended tliat 
the sdjustmont It entrusted to them 

Renewing the mem drive shaft oil seal 

This « the seel at the rew erid of ttv» drive shah 24. 
just m front td the CKitCh release bearing Thu can be 
renewed with Iha trsnsmtssipn vtstalad w ifw wbclu 
To remove the old seel remov e Ihe engine and the dutch 
rdeose beenng 23 Rhse out the seal taking car* not to 
damacia rh* irarwmwwon casmg. To fit Ihe new soel 
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ctwc Ihe Rnmg suffice with »ea4hO compound and 
oil ilw ihah and seatinq kp Slid# thw «sai into place^. 

o^rBiui not to damage tha hp oo lha splma not lo 
^Uiiace the sdtrouAtfcng IhO 1^ Keep the seal 

«Qu«yie and dnva it home with a tptxiiw dnh 

Rsasaambling xh* transmmton: 

&«kng *atisficd that a* worn paft\ have been ranawed 
anj tnai the cteeranc* between th* setecof torts and the 
operahf^ si*«v«a doe» not eneod 004 to 012 t*»ch 
Od the Dvts w«tt and proceed M «ohows 
t Raf« to FK 3 6 2 and fa: the selector rod itetem 
apnngs mio tte three outsete hdet r gear cemw or 
houses 6 Fit fww plugs » ck»c the holes Rt a 
detent baU and ewen the »»»^efsc selecic* roJ cornpieie 
with rmnwse lem 27 and guide 40 The bai can be 
pressed down as tfw rod n mttHted 

2 Pertorm the same opwahoh vwth ttw two temainmg 
selactof rods, remembering that there are two inter¬ 
lock plungas to be eitroduced into llie dnlhnys 
between the Three selocioi rod holo*. There will ll\en 
be a plunger between each outside rod and the centre 
one Engaging a gear bv movmq eiihoi of the outside 
rods should lock the centre one Engaging a gear by 
moviftg the centre rod should lock both the outside 
rods The principle car» b# iindorstOOd by rcfcnmn 

to FIG 6 16. , ^ ^ .. 

3 Fit th« bearings for the two shafts, locking the needle 
hewing outer race with the long setscruw Prepare 
to fit the two shafts by futirvg a strong rubber band 
rourvl the sn-all gear 1‘i (upoen at itw 'ear of ihc 
ua-' d'lve shah arxJ th- large gear 13 llowxirf Press 

gear i,wr>er tearms^ on to the »hahs after placing 
—tf^ 26 ntt> P»« shtevt *o» assemWv 7 

When (resusg irftThedrnre p»nion ifcgfartv make sure 
the saJcctor +ofk 26 r* f'*’ed lo the selector rod »vJ 
etc that the for* does ric» lem on re» shaft. 

4 irwr*:! fhc selector fork id eogega m assembly 11 
Pit tt»e reverse sMryg Deer 30 wit*’ foek 28 end 
an»rh to reecrse lever 27 it no F^rS been 
rwwwed wfHCh will affect the pos>bon 0* the sci«ClO» 
fork* lessors '.hem 10 the merki or reewdod rhe»S4«- 
m*nb made <hff**g ditmimkng and tighiiiii the 
damprng screws to a torque of 18 Ibh Tighten the 
reverse lever guide ecrew 10 14 lb ft If the seleclOf 
forks must be reset, the adjustment can only 
be done in a specie! jtg which simulates the 
assembly in the transmission casing. This Is 
used in VW Service Stations and is the only 
satisfactory way of positioning the selector 
forks correctly. It is suflfleslvd tha! »♦ an old trans¬ 
mission casing is available it Is possible to cut hales 
to ssa what IS happening whan iho gear* are selected 
and to reach the fork clamping screw* It is in-vportant to 
adjust the forks only after the dnve pinion has been 
correcUv adiusted for mesh -with the crownwheel and 
after bghtening the shaft nuts at the front end tn tht 
correct torque vaKie* Tighten firat to 87 b ft slacken 
off and then reoghten CO 43 fbh Afway* fat r»ew 
lock plates 

5 BcfO'C farwig the comp*aieiJ assembnr mto the ma« 
pansrrvsston cesmg check m* uarter motor lor 
wear Also citeck the cashes ana ih*fi lor the du»cr» 
mechanism Note vm mvierie »» 18 


muiit not be too loose on tlie splines oi vihrrtiior. ot 
I ho mam ikivo shaft may cause uuobfe willi a worn 
oJ wt«l lost lubricant and a sfippirvp dutch If a new 
transmission casmg s fitted it will be rta<-.BSsafy o 
toodius: iho meshing of dte CTownwh^ artd pimoci 
A new s<le cove: 33 rmarH th» resetting ol the 
crownwheel only 

g Jnwft the needte bearing and spacer for reverse 
Shaft 31. lockjf^ the tpecer w«!h the shoukSered 
HHjrrov Fit The mam drrwe shaft rteedkr bearing arid 
secure Fq Tfe r fl V CtV peat shah 31 with- Pw rfsuK 
^jCher Ai the rear, fat Pye tNoodruff key and reverse 
tfnv« gas 32 Check Ihsr the P»C**P ^ 
stramed pno fd A 

7 Set Tha prnKd Shafa with rrw pruon utpernost ard 
f.t tfio Shims 15 rn two tempo»‘e»v stiKi^ ^ftoui 
4 inches long in opposric hole* m the bee'«y reiame' 

14 tnaciasgudas Fite new gasket in Urcoeeicarro 

and insert th« gear assembly mm the nansmissK^ 
CASing whilst ertqaying the rFVorso gear wilh iB *ha*i- 
Um a rubber fanvmei lo make wire that the drive 
pimon IS fully ltom«. romove th*i two tempurury studs 
and imliien th« bearing ruluiner snttcrcrws on new 
lockplates io a toique of 36 Ibli On later models 
there is an extended selector loU which muy not move 
fruoly beesusu of an 8ri|«cont retainor setscraw Turn 
the screw until there is clearance but do not exceed 
thu stipulated torque figure and rfteck the rod for 
freedom Lise only sHtscrews of 10K grade 

8 Oil the rear seel and fit IN* »•*« hoH o* Hr® 

shaft-Screw the shaft- together and then back ofa 
ufthi the J^iknes ere »r» late The shoft* must not be 
screwed tightly together Side n*»ct*e ge» 18 
Hi« piece fit the CKCkp. making uxt mat u is no» 
tiramed as it mosx fit securely m tts groowj 

9 F»f pyediHwvtiiial assemtify the fV»*^'**** ^ * 

frnm EeHy modeh had covers nhicn w-sw sealed w«h 
Msyg compoursA bui« paper omAaS was fmad late. 
The ihjckness of ttm gasket wd affect preload on 
The dtlletoipai beanngs and the popenn of the ciowo- 
whetl so use a genuma isMre part When installing 
the differential assembly maka certain that the 
correct shims are fitted to each sMie. Fit the 
^^cond cover and tighten the out* 10 a torque of 
22 t>tt Chec* the tightness after a rvin of 300 nmlRs 
in case of sculirtg Tighten the qaar came* nuts to 
14tt>fi , 

10 Engage both ravcrse and third ot foiirth gears to louk 
the transmission and tighten tti«* **fiafl nut* if ihcy 
fiav*! not already been done. Use new luckplates, 
lighten to 8? lb ft. sleckaii off ondietightcn to 43 lb ft. 
Turn up locking tabs 

11 Sol the lh«»H solccior rod.* in the neutral position and 
fit the guurshift housing 3. 


6 7 Transmission modifications 
Rear oil seal 

On l.iter wansnesfeons them ts an extensmo 10 tne mam 
casino m front of the oil seal and tiws • mschmwl with an 
04 reiwn (hre«3 to rekev^ rtw wal 0» etews lubrrcsnt 
To nuke me thread effective the gmund pan of the rear 
ni«n drive shaft e extended fajrwards. « a rww type 
VansnuSMO casing a in*tal**f the rww mar droe shaft 
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must also b« htted TKa nuw type o* $hdtt can be used in 
Oldor IterismtsiMons 

GMrahifl housing 

From Janttfry 1966 the hou«mg haa a MaKng rirtg 
pfessed m to maka a barter soai tor the gear shift rod 
Fi«n August 1966 the housaig s atao Uppod tO that a 
revcfsrhg Ight twitch can be tmed 

Starter outboard bush: 

tlet hat taem reduced *i bow from 12 6 evn to 
11 nm ort talar cnodab 

Higher ratios 

From August 1966 mud soeed on the 1500 was 
dtered so that there wore 23 teeth on the mam drive 
shaft gear are! 29 on the pmion shaft gear Theae nuw 
gears can be fitted to older transmissions to gtye a higher 
tNid p»ai ratio At the same time the '1500 also had 
highof ratio final dirve gears frtted The piftion had 8 leoth 
and the crownwheel 33 

SYnciiromesh assemblies; 

1 %6 modois hud unproved synchromesh assemblies 
tor first and second speed gears The conot on the gHars 
were incroiMed m diameter and the stop rings becenvit 
almost the came sue so that care o needed not to inter- 
change litem The first speed nng has narrower slots ard 
an ii^creased number of oil slots et the inner cone 

The synchrormesh hub tor hrst artd second speed gears 
was modi hod to hewe ks canning lugs for the ouitr sleeve 
The shrtting or btodier ptaies «w«re fUttw and had an 
irtMle groove ip accept the ^nmg rmg The modified hub 
needs ttveSer ihtms to at^ust fea gear end float The 
perk can be fitted to older trar^smsstons. but do not ht 
nev¥ type stop rmgt to carter tubs 

Selector rod; 

The rod for fust and second s peed gears w as lengthened 
and supported by a baaring m the web b e tween the trarts 
trmsston gears fl>e fmal dnve This rod cannot be 
instailod in eailwf nansmrssrons 


First speed gear 

The gear was widor>od on later models tiom 11 8 to 
1355mm and the oil groove dropped The teeth were 
widened 2ihni and the beanng retainer bolts niodifiud to 
ijive clearance for the gear 


BrBGesrIover and control rod 
Removing and refitting lever 
On ait models encept Karmarm Ghta procoed as 
foAows 

1 Ramovw the honi floor mat and then the screws 
reiaruitg dw gvartever cover to the tunr>ai Lift out the 
lever assarTply 

2 Tianihcscmfiglo remove rt clear of the pm THssprmg- 
loaded Die « nci fitted to very earhr r m bafn H cart be 
seen m FIG 6 20 
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FtG 6 20 Details of gearlever mounung Inset sHoma 
bush tn tvnnef fw shift rod 

Key to Fig 6 20 1 Coo lewer rown 2 ^en-ng to a’lan 

locaing on 3 lewd stop ptatr^ wtb tianrd upi«1gr 

A Tunno' 9 SNti rod bush 


d HeiTH>vn Ihu stop plate trom The tunnel one! clouu nil 
coinpunoiKu Ruiiuw tha rubber boot if deleiioiAlod 
Check the eprlng looclod pin for freu ninvaniem 1 he 
ball unii nf ihn lever Is peened over to retain the pin 
To refit the gaailever. fust greaso ail the working parts 
Fit the diortiond-shaped stop plate to the turviol with iImi 
tiimed-uo ip Oh the nghtliiuid side. Fit the kver assembly 
so that the pin at the lower end engages ui Iho slot wt 
the stvfting rod sodutt mstde the tunnel The flanges of 
the ban housmg must then fit over the sbjp piaio Fit the 
retamng screws and tighten when the lower pari ol the 
geeifever is vertical wh^ in neutral Difhcutty m sateebng 
gears may be cured by mor mg the baH housing sJiofMly 
and It may be necdMary so ertiaroe the sloped h oles 
sfaghtfy 

Removing and refittmg shift rod ; 

1 Remove gearfevsr Remc>w« rear seal and »nspeci«r> 
cover on the tunnel over the rod coupang Cut the 
locking wire tnd release The front screw m tfit coupling 
On eaity modeb untiook the brake cables after temoving 
the biimpM and frame head covet, then rrvnov* the 
gmde Plata for tha brake pushbai. On lalor models 
remove the bumpei arxl cover 

2 Us« a pair ol piiMS through the icat ii>spirction hole to 
push the rod furward out ot The couphrxi SO il^ il can 
be withdiawrr trom thu front. On later models there Is a 
plastic bukh fur the shift rod insido the tunuvl bvhind 
the genriever oponiitg. as shown by (he inset in 
FIG 6:20. If this Is worn, turn it so that the long slot 
fanes down, Pois q wire loop throirgh the slot ne^t 
to the long slot and pull out the bush A later type of 
bush is lirted with a wire ring and this helps to 
eirrvnoto shift rod nowu FH this with the nng forward 
arvi press the bush home in its brackel Lubneenr with 
universal gieese 

3 Cheek the shift rod ku wear and mrsafajrvnent Coat 
e with grease and maen trom the front etto Ihc gu«fc 
bush Passit bockunN itcanbensertedmihecQUpkng 
and the coupbng screw oghtened lock lha screw witfi 
wwe afiar gear latectmg has been fourel s a b tf actory 
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Gearlever on Karmann Ghias: 

The later models are fitted with a combined ignition/ 
starter switch and non-repeat lock. Working on tha gear- 
lever of earlier models will be the same as that for 
standard cars as covered in the preceding instructions. 
To dismantle the cover arid remove the switch on laici 
rrvidels. disconnect the battery earthing strap Remove 
the foot-rest. Remove as irtuch tunnel covering a.s 
lequiiod and disconnect the three cables from the lock 
at the front, At the rear, remove the secimng screw and 
push the lock upper part forward and lift off. Remove the 
switch. When refitting the parts make sure the cable* are 
correctly connected. 


6:9 Fault diagnosis 

(a) Difficulty in changing gear 

^ Bent or worn gear shift nicchanism 

2 Faulty synchronisring mechanism 

3 Faulty clutch or release bearing 

4 Clutch cable maladjusted 

(b) Crashing of gears when changing down 

1 Check 2, 3 and 4 in (a) 

2 Wrongly placed or broken synchromesh spring rings 

3 Transmission oil too thick 


{g> Slipping out of first and second gears 

1 Weak or broken selector rod rfetent springs 

2 Worn gear on pinion shaft 

3 Excessive end float of pinion shaft gears 

4 Worn beanngs 

5 Selector fork wrongly positioned 

6 Gear shift mechanism worn 

(d) Slipping out of third or fourth gears 

1 Check 1. 4. 5 artd 6 In (c) 

2 Worn teeth on synchromesh sleeve 

3 Excessive end float of mam drive shah gears 

(e) Gearbox noisy in neutral 

1 Worn bearings and bushes 

2 Excessive ertd float of mam drive shaft 

3 Incorrect onnsufficieni lubricant 

(f) Gearbox noisy in forward gears 

1 Worn drive and pinion shaft bearings 

2 Worn reverse idler or constant mesh gears 

3 Incorrect or Insufficient lubricant 

ig) Oil leaks 

1 Damaged or worn rear oil seal, scored shaft 

2 Damaged joint washers or joint faces 

3 Worn gearshift bushes 

4 Loose cover nuts 
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CHAPTER 7 


REAR AXLE AND SUSPENSION 

% 


7:1 Description 

7:2 Routine maintenance 

7:3 Removing and servicing axle shafts 

7:4 Removing transmission and rear axle 

7:5 Installing transmission and axle 


7:1 Description 

To divide the transmission and rear axle system into 
two reasonably logical sections it has been decided to 
treat the gearbox and final drive gears as a unit in 
Chapter 6. and to cover the rear axles, universal joints, 
rear hubs and the suspension layout in this chapter. 

The plan view in FIG 7:1 shows how the rear axles 
and suspension components are arranged. The two axle 
shafts run inside tubes or casings 1, the outer ends of the 
shafts being supported in ballbearings. The splined ends 
of the shafts carry one-piece hubs and brake drums. 
The inner ends of the shafts are flattened to slide in slots 
in the differential side gears as shown in FIG 7:4. 
Each slot is shaped to carry a pair of trunnion blocks 
or fulcrum plates, and these allow the shafts to swing, 
yet continue to drive, as the outer ends move up and 
down with road undulations. The outer ends of the shaft 
tubes are constrained to move in an arc by thin steel 
radius arms 2. These arms are splined to the outer ends 
of two torsion bars mounted inside casing 3. The inner 
ends of the torsion bars are splined to a fixed anchor block 
on the centre line inside the casing. 

The bearing housings at the outer ends of the axle 
tubes also have brackets to which the tower ends of 


7:6 Removing torsion bars 
7:7 Installing and setting torsion bars 
7:8 Equalizer or compensating spring 
7:9 Rear dampers 
7:10 Fault diagnosis 


tubular dampers 7 are connected. The top ends of the 
dampers are connected to brackets bolted to the body. 
The inner ends of the tubes can move freely in large 
spherical housings which form ball joints centring on 
the axle shaft universal joints. Dirt is excluded by rubber 
boots or dust sleeves 4. These parts are clearly shown in 
FIG 7:2. 

7:2 Routine maintenance 

The working parts of the rear axle on cars are lubricated 
from the oil supply in the main transmission casing. 
Drainage and replenishment are covered in Chapter 6. 

7:3 Removing and servicing axle shafts 
On cars produced before August 1960: 

The axle shafts cannot be removed until the trans¬ 
mission has been dismantled outside the car. Refer to 
Chapter 6 for this operation. 

On cars produced after August 1960: 

Axle shafts can be removed with the transmission in the 
car providing there is clearance to remove the retainer 
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FIG 7:1 Plan view of the rear axle and suspension 
layout 

KevtoFtg7;1 1 Axle tube 2 Radius arm (spring plate) 
3 Torsion bar housing 4 Dust sleeve 5 Transmission drain plugs 
6 Level plug 7 Telescopic damper 



7 :2 Removing axle tube from final drive casing. Gasket 
and split plastic insert are clearly shown 


plate shown detached in FIG 7:2. Check this point 
before going too far, as the alternative is to remove the 
axles and transmission complete. The wheel bearing 
needs a special puller which fits between the races, but 
if the assembly is out of the car. the axle can be pulled 
off with the bearing in place. 

If there is clearance for the retainer plate, proceed as 
follows: 

1 Loosen the axle nuts while the car is on the ground. 
These are so tight that it is dangerous to try to slacken 
them initially while the car is on jacks or stands. Lift 
the car and then remove the axle nuts. 


2 Pull off the brake drum after releasing the handbrake 
and slacking off the brake shoes. From the centre of 
the backplale remove the bearing housing cover 
(4 bolts). Detach the brake pipeline and remove the 
backplate. Release the lower damper mounting. 
Refer to Section 7:4 before releasing the spring 
radius arm from the housing flange. 

3 Pull off the bearing. At the inner end remove the 
retainer (6 nuts) and pull off the axle tube, retainer, 
gasket and plastic insert as in FIG 7:2. The insert is 
the part with the radial slots. 

4 Remove the circlip and thrust washer from deep inside 
the transmission case as shown in FIG 7:3. Pull out 
The axle, and if necessary, remove the differential side 
gear 

Servicing the dust sleeve: 

One item which may need replacing is the rubber boot 
or dust sleeve 4 in FIG 7:1. The one-piece sleeve cannot 
be renewed without removing the bearing housing at the 
outer end of the axle tube. This is pinned, and is also 
^ a press fit. It may be damaged if suitable equipment 
Is not available. To avoid the need to carry out such an 
operation it Is possible to cut away the old sleeve and fit a 
replacement part which is split for easy fitting. This is 
done as follows: 

Remove the clips and cutthe defective sleeve to remove 
it. Clean the axle Tube and the retainer. Note that all this 
may be done without removing the axle tube from the 
transmission, if necessary. 

Use a little jointing compound on the mating faces of 
the new split sleeve after checking that the large end is 
the correct size for the retaining plate. The split In the 
sleeve should be horizontal and face to the rear. Do not 
tighten the screws or the clips until the axle is in a 
loaded condition with the vehicle on the ground. See that 
the sleeve is not twisted or strained and then tighten the 
screws and clips moderately. 

The axle tubes, shafts and side gears; 

Inspect all parts for wear. The spherical surfaces of the 
transmission casing and the axle tubes must be smooth. 
Note that the spherical plastic inserts which are sand¬ 
wiched between the metal faces were introduced in 
September 1958. Assemble the tube and retainer plate 
and check the end float or clearance. Early figures given 
are much in excess of those for more recent models, the 
original working clearance being given as .016 to .024 
inch with a wear limit of .027 inch. Too great a clearance 
will result in wearand noise. The latest figures for clearance 
are a maximum limit of .008 inch with the retainer plate 
nuts tightened to 14 lb ft Select gaskets which will give the 
required clearance. A small hole near one of the stud 
holes signifies that the gasket Is .010 inch thick. A thicker 
gasket has two holes. If it is necessary to fit the retainer 
plate without a gasket, jointing compound must be used. 
The reduction of axle tube end play can be.done with the 
axle in the car, 

Check the axle shafts, differential side gears and their 
thrust washers, The maximum permissible runout of the 
shaft at the point where the wheel bearing fits, is .002 inch. 
Small errors may be corrected by straightening the shaft 
cold. At the transmission end, assemble the shaft in a 
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side gear with the fulcrum plates, as shown in FIG 7 :4. 
Check the clearance between the flats and the plates 
with feeler gauges. It should lie between .001 and .010 inch. 
If the clearance is excessive renew the parts or fit oversize 
fulcrum plates, which are marked with a groove on the 
face. 

The widest rounded part of the flattened end of each 
shaft must not have a clearance in the side gear which 
exceeds 004 inch, with a minimum of .001 inch. On some 
later shafts, one of these spherical surfaces is fitted with 
a spring-loaded ball which eliminates side clearance. 

Shafts and side gears are mated in pairs and colour- 
coded in three groups, yellow, blue and pink, although 
there is also a pair coloured green for early models. 
The gears are marked with a spot in the recess, and the 
shafts by a painted ring six inches from the flattened end. 
The colour groups are graded as follows; 

Paint mark Inner dia. of side gear Outer dia. of shaft 

Yellow 2.3600 to 2.3610 inch 2.3570 to 2.3582 inch 

Blue 2.3610 to 2.3622 inch 2.3582 to 2.3598 inch 

Pink 2.3625 to 2.3638 inch 2.3602 to 2.3610 inch 

Green 2.3641 to 2.3649 inch 2.3614to2.3622 inch 

Note that excessive clearance at the transmission end 
of axle shafts may lead to noisy operation. 

The following modifications are listed; 

The spring-loaded ball fitted in one edge of* the 
flattened end of the axle shaft started at Chassis 
No. 589709. The modified shafts can be fitted up to 
Chassis No. 469447. 

From Chassis No. 543946 the side gears have a wider 
face for the thrust washers. Modified gears can be installed 
only from Chassis No. 469447 {May 1959). 

To keep the side gear to differential pinion backlash to 
.004 to .008 inch, a thrust washer 3.2 mm thick was 
installed from Chassis No. 522240 instead of one 3 mm 
thick as originally fitted. Then from Chassis No, 584155 
a 4 mm thrust washer was fitted and the circlip groove 
moved out to suit. The modified housings are marked '4' 

The wheel bearings and oil seals: 

If a suitable bearing puller is available, the wheel 
bearing can be removed after the brake backplate is 
taken off, and the axle shaft and tube need not be 
detached from the transmission. A view of the axle end 
is given in FIG 7 :5. but note that the brake backplate 
and large sealing ring are not shown. FIG 7:6 shows the 
large sealing ring 10 and paper gasket 11 which will be 
found when the bearing cover 9 is removed. After 
removing the cover and backplate, take off the outer 
spacer 7, the small sealing ring 8 round the shaft 3. and 
the washer 4. Note that later models do not have an oil 
deflector and tube fitted inside the brake drum, but have 
an oil flinger 6 like a large washer on the outside of the 
outer spacer. Extract the bearing 1 and the inner spacer 2. 
which is rounded on the inner face to fit the radius on the 
shaft. When an oil flinger is fitted, the cover has a lug and 
drilling on the lowest edge, and the gasket has a hole In It. 
This allows'oil which passes the seal 5 to drain away 
behind the backplate. 

Clean and examine the ballbearing when dry, renewing 
it if worn, or rough when spun. Renew the rubber sealing 
rings and the gasket. Renew the oil seal if oil leakage has 
been persistent or the lip is damaged but do not forget to 



FIG 7:3 Removing circlip and thrust washer from side 
gear 



FIG 7:4 Measuring clearance between axle shaft and 
fulcrum plates 



FIG 7:5 Bearing cover removed from axle end, showing 
outer spacer, sealing ring, washer and bearing. Back¬ 
plate fits on righthand flange 


insert the oil flinger washer into the cover first, on cars 
without a drain tube in the drum. Check the surface of the 
outer spacer where it contacts the lip of the seal. Remove 
scores and rust and polish with very fine emery cloth. 
Clean out the drain hole in the cover. 
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FIG 7:6 Section through rear hub and brake drum 

KeytoFig7;6 1 Ballbearing 2 Inner spacer 3 Axle shaft 
4 Washer 5 Oil seal 6 Oil flinger 7 Outer spacer 
8 Sealing ring 9 Bearing cover 10 Large sealing ring 
11 Gasket 12 Brake drum 



FIG 7:7 Releasing transmission front mounting (left). 
Arrows indicate transmission carrier bolts (right) 


Check the splines on the shaft and in the brake drum 
and renew the parts if the splines are worn and slack. 
When renewing an oil seal, press it in with the sealing lip 
facing the bearing, On early models with the oil deflector 
and tube fitted inside the brake drum, press the seal into 
the cover until its inner face is inch from the edge of 
the inner recess in the cover. It will then be almost flush 
on the outside. 

To reassemble, fit the radlused spacer on the shaft and 
press in the bearing. Fit the washer and small sealing ring, 
followed by the outer spacer with its chamfered bore 
contacting the ring. The bevel on the outer surface then 
acts as a lead when fitting the cover and oil seal. Oil this 
surface lightly and carefully fit the backplate and cover 
on new gaskets. Make sure the drain hole is at the bottom, 
and tighten the screws to a torque of 40 to 47 lb ft. 


On models with deflector and drain tube in the drum, 
check that the tube is as close to the drum as possible so 
that it cannot foul the brake shoes. Fit the drum and 
tighten the nut moderately. When the vehicle is back on 
the ground, tighten the nut to 217 lb ft and fit a new 
splitpin. Do not slacken the nut in an attempt to align 
the splitpin holes. Check the transmission oil. Bleed and 
adjust the brakes. 

7:4 Removing transmission and rear axle 

For convenience when working it is often preferable 
to remove the complete transmission and rear axle from 
the vehicle. Proceed as follows: 

If it is intended to dismantle the axle, loosen the axle 
nuts before the car is lifted on jacks or stands. The nuts 
are very tight and the car might be pulled off the 
jacks if they are not slackened first. 

1 Disconnect the battery earthing strap. Remove the 
rear wheels. Remove the engine as instructed in 
Chapter 1, 

2 Disconnect the rear brake hoses. Release the cables 
from the handbrake lever, remove the lever and then 
pull the cables from the guide tubes. 

3 Loosen the clips round the axle dust sleeves. Remove 
the lower damper mounting bolts. 

4 Refer to FIG 7 :8 and use a cold chisel to make a nick 
on the spring radius arm in line with the groove already 
in the flange of the axle bearing housing. This operation 
is unnecessary if a complete axle assembly, or a new 
rubber front mounting, or a new subframe or new 
radius arm is to be fitted, as the geometry of the rear 
suspension will then need checking and adjusting. 
Otherwise the nicks will help to reassemble the parts 
in their original positions. 

5 Disconnect the cable from the clutch operating lever on 
the transmission case and withdraw the cable and 
sleeve. Disconnect the cables from starter terminals 
30 and 50. 

6 Lift the rear seat and remove the inspection cover from 
the tunnel. Underneath Is the gearshift coupling. Cut 
the locking wire from the rear screw and remove the 
screw. Move the gearlever until it is possible to with¬ 
draw the coupling from the gearshift rod. 

7 Refer to the lefthand half of FIG 7 :7 and remove the 
nuts from the front mounting of the transmission. Just 
take the weight of the transmission on a trolley jack if 
available and remove the two transmission carrier 
bolts indicated by arrows in the righihand view. 

8 Withdraw the assembly. Take every care noi to bend or 
damage the main drive shaft. A good plan is to drill a 
hole in a piece of wood to take the tip of the shaft and 
bolt the wood across the transmission casing flange, 

9 Working on the axle parts has been covered in 
Section 7 :3. If it is intended to substitute an Exchange 
axle, note that the brake drums and cables remain on 
the axle, but the brake pipelines and clips on the axle 
tubes should be removed. 

7; 5 Installing transmission and axle 

1 Lift the assembly into place and fit the two mounting 
bolts arrowed in FIG 7:7, after greasing them well. 
Now loosen the nuts attaching the rear carrier to the 
rear rubber mountings. This sequence must always 
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be followed before the front mounting is 
secured. 

2 Tighten the nuts of the front mounting plate as shown 
in FIG7:7 on the left. Then tighten the rear mountings. 
This will avoid distortion and premature breakdown 
of the rubber in the mountings. 

3 Restore the gearshift rod coupling under the rear seat. 
Make sure the pointed end of the securing screw fully 
engages the recess in the rod and then lock with wire. 
The correct assembly of the coupling is important 
because it is possible that a defect at this point could 
lead to reverse being selected at the same time as 
second gear, with disastrous results. It might also make 
it difficult to drop down to first or second gear. 

4 Line up the nicks In the spring plates and the axle tube 
housings. These were made before dismantling as 
shown in FIG 7:8. As the holes in the spring plates 
are slotted, adjustment is possible. Tighten the fixing 
bolts to a torque of 80 lb ft Securely tighten the lower 
bolts for the dampers. 

5 Refit the engine as described in Chapter 1. Adjust 
the clutch pedal free play as instructed in Chapter 5, 
Bleed and adjust the brakes as explained in 
Chapter 10. If slackened, do not lighten the axle shaft 
nuts until the car is standing on the ground. Use a 
torque figure of 217 lb ft. Tighten the clips of the dust 
sleeves after the car is on the ground. Make sure the 
sleeves are not strained or distorted. 


7:6 Removing rear torsion bars 

Before starting this operation the owner must realise 
that renewal of any of the parts of the suspension system 
or of the frame and transmission mountings means that 
the rear wheels will need re-alignment. If, however, it is 
only a matter of renewing a defective torsion bar, it is 
possible to reset the camber of the wheels by checking 
the angles of the two spring plates or radius arms which 
connect the axle tubes to the torsion bars. This check can 
only be carried out by setting the car so that the body sill is 
level and by using a spirit-level type of protractor for 
measuring accurate angles. 

To remove a torsion bar proceed as follows: 

1 Stand the car on level ground and adjust until the door 
sill is horizontal on both sides. As the rear wheel(s) 
must be removed, this implies that the car must be 
supported on blocks or stands. 

2 Disconnect the handbrake cables from the lever and 
withdraw them slightly to the rear. 

3 With a cold chisel, mark a nick on the spring plate or 
radius arm in line with the existing mark on the bearing 
housing at the outer end of the axle tube as shown 
in FIG 7:8. This will ensure accurate reassembly, 
because the mounting holes for the arm are slotted. 

4 Remove the lower damper mounting bolt. Remove the 
three bolts securing the spring plate or arm to the 
bearing housing and pull the axle rearwards until it is 
clear of the slot in the arm Remove the torsion bar 
cover as shown in FIG 7:9. Note the rubber bush, 
Early models had a longer outward extension of the 
arm at this point, a longer bush and a cover with a 
large central hole in it The later bush has four 
irregularly spaced ribs on the outside rim and is 
stamped 'Oben' for top. 



FIG 7:8 Using chisel to mark radius arm (spring plate) 
before dismantling 



FIG 7:9 Removing torsion bar end cover 


5 Pull the spring plate or arm off the torsion bar, levering 
it away from the stop rib on the mounting bracket. 
Remove about five of the screws attaching the rear 
wing(s) at the forward edge. Twist the wing to one 
side and withdraw the torsion bar. If the bar is broken, 
the inner part cannot be removed until the opposite 
torsion bar has been withdrawn and a long bar used 
to push out the piece. 

6 Mark the bar(s) on the end so that it can be replaced 
on the same side as that from which it was removed. 
Although it was stated on early models before 1960. 
that the bars could be interchanged, this is definitely 
not so with bars which are stamped R for right and 
L for left on the outer end. These bars are prestressed 
in manufacture and must be fitted as marked. It is 
most important to take the greatest care of 
torsion bars once they are removed. Do not mark 
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FIG 7:10 Connecting rod between axle and equalizer 
bar. Rod (top arrow), rubber buffer (middle arrow), and 
nut (bottom arrow) 


or scratch them in any way or they may fail 
prematurely. Make sure the protective paint remains 
intact as corrosion may also lead to failure. Replace a 
bar which is rusty or one which has splines with 
evident signs of wear. 

7:7 Installing and setting torsion bars 

It will be evident that the unloaded angle of the spring 
plate or radius arm will affect the camber of the rear wheel. 
This angle can be measured with an accurate protractor 
and adjustments made by rotating the torsion bar. 
The inner end of the bar has 40 splines so that rotation by 
one spline alters the angle by 9 deg. The outer end has 44 
splines so that turning the radius arm in the opposite 
direction alters its angle by 8 deg. 10 minutes. The actual 
difference between the original position of the radius arm 
and its new position is therefore the difference between 
the two angles, which is 50 minutes. This is the smallest 
alteration possible and is a little less that one degree. 

Install a torsion bar as follows: 

1 Grease the splines and install the bar and radius arm 
(spring plate). Check that the door sill Is still exactly 
horizontal. 

2 Place a spirit-level type of protractor on the upper edge 
of the arm. Lift the arm very lightly to take up any play. 
Check the angle against the required figure. The arm 
must, of course, be otherwise free and not attached to 
the axle, nor against the.stop on the bracket. 

3 The radius arm setting varies considerably according to 
model. On cars prior to Chassis No. 1.0929.746 the 
angle was 13 deg. ± 30*. After that Chassis No. the 
angle was 12 deg. ± 30'. From Chassis No. 2.232.161 
the angle was 11 deg. ± 30'. After August 1959 the 
angle was altered to 16 deg. + 50'. Later cars have 
settings which are quoted as 17 deg. 30' + 50', but the 


angle is 20 deg. -f 50' on models from 1967. If in doubt 
about the correct setting it would be wise to consult a 
VW agent 

Completing the installation of torsion bar and 
radius arm: 

Having adjusted the setting of the radius arm to the 
correct position, proceed to complete the assembly as 
follows; 

1 The cover or retaining plate over the outer end of the 
bar cannot be bolted down until the radius arm is over 
the stop rib along the bottom edge of the mounting 
bracket. It might be possible to use a jack to lift the 
arm until it can be tapped into place. The best way to 
tackle this operation is to make up a clamp from a 
length of screwed rod, one end of which hooks over 
the body mounting bracket above the middle of the 
arm. A loose hook fits under the lower edge of the arm, 
backed up by a nut on the screwed rod which forms 
the backbone of the clamp. Tightening the nut will 
slide the hook up the rod and raise the arm. 

2 With the arm above the stop, press it home on the 
torsion bar. Coat the rubber bush with flake graphite, 
fitting the later type which has four ribs so that the 
word 'Oben' is at the top. 

3 Fit the cover or retaining plate. Use two longer screws 
diagonally to pull the cover down until the other two 
can be inserted. On very early models, fit the torsion 
bar hub cap and secure it with a splitpin. 

4 Clean the mating surfaces of the rear end of the arm and 
the axle bearing housing, swing the axle forward into 
the slot and align the nicks made before dismantling. 
Fit the bolts and new lockplates. Use a torque of 
80 lb ft on the bolts. 

5 Connect the handbrake cables to the lever and adjust 
according to the notes in Chapter 10. 

At the beginning of this Section it was pointed out that 
renewal of many parts of the suspension and trans¬ 
mission system might affect the alignment of the rear 
wheels. After the rad ius arm setting is known to be correct 
it is essential to have the system checked by an optical 
alignment gauge if such renewal has taken place. This will 
ensure that details like the toe-in or toe-out of the rear 
wheels are correct according to the maker's specification 
for the model concerned. 


7:8 Equalizer or compensating spring 

Starting with the 1967 models, a third torsion bar is 
fitted transversely across the car above the rear axle. 
The ends run in rubber-bushed brackets bolted to the 
reinforced side panels. The reinforcing plates are available 
as spare parts so that they can be welded into place on 
earlier models if the owner wishes to install the spring bar. 
A lever at one end of the spring bar points to the front 
and another at the other end points to the rear. These 
levers are connected by rods to brackets on the rear axle 
lubes in the manner shown in FIG 7:10. The connecting 
rods are rubber-bushed to the levers at the top and also 
carry rubber buffers. 

Equal movement of both wheels brings the brackets 
into contact with the buffers and the equalizer spring 
assists the normal springing. With body roll, the spring 
does not come into action. 
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Removal: 

Disconnect the battery earthing strap, loosen the rear 
wheel bolts, lift the rear end and take off the wheels. 
Remove the nuts from the lower ends of the connecting 
rods indicated by the bottom arrow in FIG 7:10. At the 
top end, remove the rubber caps and unscrew the nuts. 
Remove the rods. From the outside of the side panels, 
remove the support brackets and bushes. Remove the 
spring bar to the right. If necessary, remove the hard 
rubber washers and levers from the spring The brackets 
bolted to the axle tubes are fitted with rubber guide inserts. 
These can be levered out if renewal is intended. Check and 
renew all rubber bushes if necessary. 

Installation; 

If the levers were removed from the bar, slide the left- 
hand one into place, pointing to the rear It is marked L. 
The righthand lever faces to the front. Tighten the clamp 
screws and locknuts. 

Insert the bar from the righthand side and fit the . 
support brackets. Fit the spacer tubes to the connecting 
rods and fit the rubber bushes on each side of the eyes 
in the levers, The long rod goes on the lefthand side. 
Tighten the nuts and fit the protective caps. Insert the 
rods into the axle brackets, fit the washers and tighten 
the nuts, but do not do this until the top nuts have been 
fully tightened and the operator is satisfied that the top 
bushes locate on the levers correctly. Put on the wheels, 
lower the car, tighten the wheel bolts and reconnect the 
battery strap. 

7:9 Rear dampers 

The damper mounting can be seen in front of the rear 
axle tube in FIG 7:10. Standard dampers are not 
adjustable and it is difficult to test dampers without 
proper equipment. Clamping one end in a vice and 
moving the other by hand will show whether there is 
resistance, but it will not determine efficiency in operation. 
Trouble with poor road-holding and pitching over bad 
roads might be attributed to defective dampers. As they 
are not capable of being adjusted or topped up. the only 
cure Is to renew them. If the dampers are used in con¬ 
ditions of tropical heat, continuous heavy loads or the 
likelihood of damage by stones, fit the special heavy duty 


dampers which are available. In this case, always fit a 
complete set of four. Where conditions are particularly 
bad it is recommended to fit the Koni adjustable type. 

Removal: 

Loosen the wheel nuts, lift the vehicle and take off the 
wheel. Remove the damper fixings at top and bottom and 
lift the damper away. Check the condition of the rubber 
bushes in the ends and renew them if the damper is fit 
for further service. If new dampers are to be fitted, make 
quite sure that they are the correct replacement type. 
Front dampers are not suitable. 

Installation; 

Fit the dampers In the reverse order of removal. Fit the 
spring washers and tighten the nuts to a torque of 
43 lb ft. 

7:10 Fault diagnosis 

(a) Noisy axle 

1 Worn wheel bearings 

2 Excessive clearance of transmission universal joint 

3 Excessive clearance of axle tube spherical joint 

4 Worn shaft and hub splines, loose nut 

(b) Excessive backlash 

1 Worn axle shaft, trunnion pads or side gear 

2 Worn shaft and hub splines, loose nut 

(c) Oil leakage 

1 Defective seals or gaskets 

2 Overfilling transmission oil 

(d) Poor handling, bad road-holding 

1 Torsion bars 'settled' or broken 

2 Worn torsion bar splines 

3 Radius arm (spring plate) setting incorrect 

4 Wheel alignment incorrect 

5 Dampers ineffective 

6 Bump rubbers defective or missing 

7 Equalizer spring defective 

8 Faulty transmission mountings 

9 Loose radius arm to housing fixings 
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CHAPTER 8 


FRONT SUSPENSION 


8 :1 Description 
8 :2 Routine maintenance 
8 :3 Attention to hubs and drums 
8:4 Adjusting early suspension 
8:5 Servicing early suspension 
8:6 Servicing later suspension 


8:1 Description 

The principles underlying the VW suspension system 
have remained unchanged since its inception, but there 
have been many detailed improvements over the years. 
The cutaway views in FIG 8 : 1 show the components of 
the assembly for a LHD installation, but it is only the 
alterations in the steering layout which need to be 
considered when dealing with RHD cars, 

The assembly consists of two tubular beams 15, 
rigidly joined together and bolted across the front of the 
chassis frame. Shaped sideplates form the top anchorages 
of the telescopic dampers 1 2. Independent suspension is 
provided by a pair of trailing torsion arms 1 4 which pivot 
on bearings 6 and 8 inside the axle beam tubes. At these 
ends the torsion arms are coupled to the multi-leaf 
torsion bars 7 which are housed in the tubes. As each 
torsion bar assembly is held against twisting by an anchor 
block in the middle of each tube, this gives the effect of. 
two torsion bars from one assembly, making four bars in 
all. The outer ends of the torsion arms are joined to the 
steering knuckle and stub axle 13, on early cars by 
adjustable linkpins and bushes, and on 1966 models 
onwards by ball joints 2, the top one being mounted in an 
eccentric bush which permits adjustrrient for camber 
angle. 

A stabilizer bar 11 is attached to the lower torsion arms 
by rubber bushes and clips to prevent roll. Telescopic 
hydraulic dampers 1 2 are fitted with bump rubbers on the 


8:7 Removing torsion arms 
8 :8 Removing torsion bars 
8 :9 Stabilizer bar and dampers 
8:10 Removing complete front axle 
8:11 Installing complete front axle 
8:12 Fault diagnosis 


latest models, while earlier vehicles had rubber: 
between the torsion arms. 

The one-piece hubs and brake drums rur 
bearings on the earlier vehicles and on tc 
bearings on later models. 

8:2 Routine maintenance 

The vehicle must be lifted until the fror 
are off the ground for the lubrication s 
be effective. 

On vehicles which do not have ball joints in ■ 
arms as shown in FIG 8:1, but linkpins as 
FIG 8:2, it is advisable to apply the grease 
1500 miles, or every 750 miles if road conditior 
FIG 8 : 3 shows the four nipples on the axle ti 
models. 

From 1966 onwards, the introduction of I 
reduced the number of grease nipples to the fo 
in FIG 8 :3, and these must be lubricated every 6i 
or once a year if that mileage is not reached. 

Wipe the nippies free from dirt before applyin 
and continue pumping until fresh grease car 
exuding from the seals. If grease gets on the tyre 
hoses, wipe itoff immediately as it will cause det 
While the grease gun is available it is also ad 
attend to the nipples on the steering gear as in 
Chapter 9. 
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FIG 8:1 Layout of recent front suspension system using ball joint links (LHD illustrated) 

Key to Fig 8:1 1 Clamp nut 2 Steering knuckle ball joint 3 Tie rods 4 Taper roller bearings 

5 Eccentric bush for camber adjustment 6 Needle bearing for torsion arm 7 Torsion bar 8 Plastic and metal bush for torsion arm 
9 Steering gearbox 10 Steering damper 11 Stabilizer bar 12 Damper 13 Steering knuckle 14 Torsion arm 
15 Front axle beam 16 Steering drop arm 17 Damper ring 18 Rubber bump stop 19 Wheel lock stop 

20 Brake backplate 21 Brake drum 22 Stub axle 



FIG 8:2 Location of grease nipples for torsion arms 
and linkpins 


Every 30,000 miles the front hubs should be dismantled 
and the old grease cleaned out. The bearings must then 
be packed with fresh grease and each hub reassembled 
and adjusted as instructed in Section 8:3. Do not put 
grease in the caps. 

For all front lubrication use a multi-purpose, lithium 
based grease. 


Other maintenance jobs which will ensure trouble-free 
motoring will be attention to tyres and tyre pressures, 
the checking and adjustment of toe-in and a check of all 
the dust seals round the joints. 

8:3 Attention to front hubs and drums 

These instructions will cover the two types of hub 
bearings, the original ball type and the recent taper 
roller type. 

Removing ballbearing hubs; 

1 Prise off the hub caps 7 in FIG 8:4 after removing the 
wheels. Before the lefthand cap can be removed it will 
be necessary to take out the cotter pin which passes 
through the squared end of the speedometer cable. 

2 Lift the tabs on the locking plate and remove the two 
nuts 12 from each axle. The lefthand stub has a left- 
hand thread, Pull off the brake drums after backing-off 
the brake shoes. 

Clean inside the drums and examine the braking 
surfaces. If they are scored or out-of-true the drums can 
be refaced. Do both drums and then-fit oversize brake 
linings. Clean the backplate free from abrasive dust. 

Hub ballbearings: 

It will be necessary to remove the bearings from the 
hub for cleaning and packing with fresh grease, or for 
renewal in the case of defects. The section In FIG 8:4 
shows the arrangement of the components of a hub. in 
this case it is the lefthand one, which carries the speedo¬ 
meter cable. 
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FIG 8:3 Arrows show torsion arm grease nipples. Central torsion bar fixings at A. axle beam to frame fixings at B 


Dismantle it as follows: 

1 Pulling off the drum will bring the outer ballbearing 8 
with it, At the inner end of the hub will be found the 
outer race of the inner bearing 9 and the oil seal 10. 

2 Draw the inner race off the stub axle, followed by the 
spacer 11. Note that the oil seal lip runs on the outer 
surface of the spacer. 

3 Do not disturb the outer races of the ballbearings 
unless they are defective. Clean all the parts and 
examine for cracks and pitting. If required, press out 
the outer races and oil seal, working from the opposite 
end in each case, 

Reassemble as follows: 

1 If new outer races are to be pressed into the hub, they 
must be a tight fit. Slackness here will allow the races 
to move in the hub, causing wear which will lead to 
the scrapping of the hub and drum. 

2 Fit the spacer first, after checking the sealing surface, 
which must be highly polished and free from cracks 
or pitting. Drive the inner race onto the axle with a 
tubular drift. 

3 Renew the oil seal if lubricant has been leaking into 
the brake. The lip and spring face into the hub. Pack 
the hub space between the outer races with multi¬ 
purpose lithium grease. 


4 Grease and fit the inner cage and balls, then the oil 
seal. Fit the drum. Grease and fit the outer cage and 
balls and then drive home the Inner ring of the outer 
race, being careful not to damage the balls and races 
with excessive force. 

5 Fit the thrust washer and inner nut. Tighten this to 
take up all play. Fit the lockwasher and outer nut. It is 
now necessary to lock the two nuts together in such a 
position that the thrust washer can just be moved 
with a screwdriver, yet without perceptible play in the 
hub and drum. The bearings must not be pre- 
loaded. If the assembly tightens up when the outer nut 
is tightened, slacken off the inner nut a little at a time 
until satisfied. Then lock both nuts by bending up the 
tabs of the lockwasher. Replace the hub cap but 
do not fill with grease. 

Note that all old grease must be removed, particularly 
if the grade is not known. Test the bearings after cleaning 
and drying them. Do not try to renew individual parts such 
as balls or cages alone. 

Servicing hubs with taper roller bearings: 

Prior to pulling off the drum and hub in the manner just 
described for the ballbearing type, slacken the pinch bolt 
which clamps the spindle nut and then unscrew the nut. 
The lefthand nut has a lefthand thread. The bearing parts 
can be seen in FIG 8:1. 
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Key to Fig 8:4 1 Speedometer cable 2 Plastic sleeve 

3 Guide tube 4 Rubber seal 5 Squared end of speedo¬ 
meter cable 6 Splitpin 7 Cap with square hole to drive cable 
a Outer ballbearing 9 Inner ballbearing 10 Oil sea! 
11 Spacer 12 Axle nuts 



FIG 8:5 Adjusting end float of linkpins on earlier 
suspension. Arrows indicate pinch bolts 


Attend to all the components as instructed in the 
preceding section on ballbearing hubs. Assemble and 
lubricate them in the same way. 

The bearings are adjusted so that there is a very small 
amount of free play. There must not be any preloading 
or the bearings will be damaged. First tighten the 
spindle nut to a torque of 11 lb ft, which will take up all 
stack. Then turn the nut back so that there is end play of 
the hub. This can be checked by dial gauge and should lie 
between the limits of .001 and .005 inch. At the higher 
figure there will be perceptible play in the hub but this is 
permissible and need only be reduced if there has been 
noise from the front wheels. 


When the adjustment is correct, tighten the clamping 
bolt to a torque of 7 lb ft, 

8:4 Adjusting early suspension 

The method of adjustment is shown in FIG 8:5. 

The spanner is shown fitted to the flats on a linkpin 
and the pinch bolts are indicated by arrows. The linkpins 
have helical grooves on their shanks and these engage 
the pinch bolts, so that turning a pin screws it in or out. 
Before trying to adjust the clearance, clean all parts free 
from dirt and hard lubricant, then apply the grease gun 
until fresh grease oozes out. Slacken the pinch bolts and 
tighten the linkpins fully. Slacken back about ^th of a 
turn and then retighten gently until the first resistance is 
felt, or until the torsion arms are free yet without sideplay. 
Tighten the pinch bolts. If adjustment is impossible, the 
shims may be worn and these must be renewed as 
instructed in Section 8:5. Worn pins and bushes can 
also be renewed. 

After adjusting the linkpins, the toe-in of the front 
wheels must be checked as instructed in Chapter 9. 

8:5 Servicing early suspension 

This can be done without removing the axle beam 
assembly from the car. Proceed as follows: 

1 Raise the front end and support it firmly on blocks. 
Remove the front wheel(s). Detach the speedometer 
cable end 5 from the lefthand hub cap 7 by removing 
the splitpin 6 in FIG 8 ;4. 

2 Remove the drum and brake backplate without 
detaching the cable or brake pipeline. Tie the backplate 
out of the way so that the hose or cable is not strained. 

3 Detach the outer ball joints of the steering tie rods from 
the steering arms, checking in Chapter 9 for the best 
method to use. Do not hammer on the threaded end of 
the pm. 

4 Remove the pinch bolts 2 from the torsion arms 9 
in FIG 8 :6, Tap out the linkpins an equal amount each 
time until the link and stub axle are free. 

Note the linkpin bushes 5 and shims 3. Early cars will 
have plain bushes and ten shims to each pin. After 
March 1960 the design was changed by the introduction 
of steel and rubber sealing rings with only eight shims 
to each pin. 

Kingpin and bushes: 

If, after cleaning, it is evident that the kingpin 7 and its 
bushes 6 are worn (see FIG 8:6), remove the linknin 
bushes, heat the stub axle 8 in an oil bath to 175°F to 195°F 
and press out the pm From the top face of the stub axle 
remove the dust cover, friction washer and thrust washer 4, 
noting that the last item is pinned to prevent rotation. 
Renew the axle if the hub ballbearing inner races have 
been removed several limes and the interference fit is 
impaired. The kingpin must also be a tight press fit in 
the axle, If the pin and bushes are worn, renew them as 
a set and not individually Never attempt to straighten a 
bent stub axle or steering arm. 

Torsion aYms: 

Check the working faces of the torsion arm eyes for 
wear, and reface them if necessary. Also check the arms 
to ensure that they are not bent. Do not try to straighten 
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a bent arm but renew it Removal of the torsion arms and 
torsion bars is covered in Sections 8:7 and 8:8. 

Reassembling: 

Start reassembly with the stub axle. Press in new king¬ 
pin bushes from inside the torsion arm link and file the 
slots in the upper bush to accommodate the lugs on the 
thrust washer cover. Then ream the bushes to .7099 to 
.7.092 inch, turning the reamer in the cutting direction all 
the time. The kingpin should be a good hand fit without 
clearance. It will be obvious that removal and reaming 
of the bushes cannot be carried out with the linkpin 
bushes in place. Be careful to line up any grease passages. 

Fit the thrust washers and cover to the stub axle and 
insert in the link to check for endplay. Eliminate any play 
which is apparent by using a thicker thrust washer. 
A large selection ot washers in graduated thicknesses is 
obtainable. Make sure the washer seats squarely on the 
locating dowel, and the cover lugs fit snugly in the 
grooves in the link. Prepare to press the kingpin into place 
by heating the assembly to a temperature of 175®F in an 
oil bath and then press in the pin. The axle should now 
swing freely in the link. Some taps with a copper hammer 
will help to free a tight assembly. 

The linkpin bushes must be a force fit. New bushes 
must be left for 24 hours in an oil bath at 175®F. Press 
them into place after aligning the grease passages. 

Refer to FIG 8 :6 and note the offset at X. Assuming 
that the outer faces of the torsion arms have been 
reconditioned and are not badly worn or recessed by the 
shims, place a straightedge across the lower eye and 
measure the displacement of the top eye. The distance 
between the top eye and the straightedge should be 
.28 inch±.08 inch. Correction is made by using shims 
.02 inch thick. The four groups of shims are indicated at 
A, B. C and D in the illustration. When the displacement 
is correct at .28 inch on cars before March 1960, there 
must be five shims at each of the four positions. This can 
be verified from the following table. The correct shimming 
for variations In the displacement is also given. Note that 
A and C are the inner groups and B and D are the outer. 


Displacement 


Number of shims 


in inches 

A 

B 

C 

D 

.20 

3 

7 

7 

3 

.22 

4 

6 

7 

3 

.24 

4 

6 

6 

4 

.26 

5 

5 

6 

4 

.28 

5 

5 

5 

5 

.30 

6 

4 

5 

5 

.32 

6 

4 

4 

6 

.34 

7 

3 

4 

6 

.36 

7 

3 

3 

7 


When using this table remember that there must always 
be a total of ten shims fitted to each linkpin. If the dis¬ 
placement is greater than .28 inch add shims to A from B 
and to D from C. If the displacement is less, add shims to B 
from A and to C from D. Work to the nearest dimension 
in the lefthand column. If the deviation exceeds the 
tolerance of ±.08 inch do not fit extra shims. Check for 
misalignment due to bent torsion arms or excessive wear 
and renew the defective parts. 



FIG 8:6 Section through earlier linkpin and steering 
knuckle assembly, A, B, C and D are the four positions 
for shim adjustment, X is the offset of the torsion arm 
eyes 

Key to Fig 8:6 1 Linkpins 2 Pinch bolts 3 Shims 

4 Thrust washers and cover 5 Linkpin bush 6 Kingpin bush 
7 Kingpin 8 Stub axle 9 Torsion arm eye 


On cars made after March 1960 the total number of 
shims on each linkpin is eight, so that the correct dis¬ 
placement of .28 inch should be with four shims at each 
station A, B, C and D. Correct any variations as follows: 


Displacement 


in inches A 

.20 1 

.22 2 

.24 2 

.26 3 

.28 3 

.30 4 

.32 4 

.34 5 

.36 5 


Number of shims 


BCD 

7 5 3 
6 5 3 
6 4 4 
5 4 4 
5 3 5 
4 3 5 
4 2 6 
3 2 6 
3 1 7 


Grease the link bushes, the shims and the linkpins with 
universal grease and assemble to the torsion arms. If the 
alignment is correct and shimming properly arranged 
according to the tables, the linkpins should push in 
quite easily and the contact faces of the arms and 
the shims should meet simultaneously. Adjust and 
lock the linkpins as instructed in Section 8 :4. After fitting 
the brake backplate, lock the mounting bolts with a piece 
of iron wire. Bleed and adjust the brakes as described in 
Chapter 10. Check the camber and toe-in of the front 
wheels as in Chapter 9. 


Linkpin needle roller bearings; 

Servicing instructions for these are as follows: 
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The dust caps can be removed by driving out the link- 
pins. Check that each linkpin. on this type of needle roller 
assembly, has a total of eight shims, a retainer and rubber 
seal. Check the arrangement of the shims. 

When the dust caps are removed, the linkpins and 
needle rollers can be pushed out. Remove the stop screw 
and press out the needle bearing bushes. Clean the parts 
and examine for wear. Always renew bushes and needle 
roller cages in sets 

8:6 Servicing later suspension 

In August 1965 a redesigned front axle assembly was 
Introduced. This is the type shown in FIG 8:1 where the 
following features can be seen. The main axle tubes 15 
were spaced farther apart, the parallel linkpins were 
replaced by ball joints 2. taper roller bearings 4 were 
fitted to the front hubs and the top eye fixing of the 
dampers was changed to a mounting with rubber rings 17 
and a progressive bump rubber stop 18. 

Dismantling without removing axle beams from 
vehicle: 

1 Lift the vehicle and remove the wheel(s). Detach the 
brake hose at the bracket and seal the brake pipeline 
with 3 bleed screw dust cap. 

2 Remove the outer steering ball joint from the steering 
arm, referring to Chapter 9 for details of the best 
method to use Never hammer on the end of the ball 
pin thread 1 In FIG 8:7, 

3 Remove the nut at the top of the damper above item 17. 
A thin 42 mm spanner will hold the hexagon just above 
the rubber stop 18 to prevent the damper from turning. 

4 Remove the brake drum and backplate, referring to 
Section 8:3 and Chapter 10. 

5 Remove the nut 3 from the ball pin of the upper joint 
In FIG 8:7. Loosen the large nut 2. This is part of a 
tapered ecceniric bush used to adjust camber. 

6 Remove the lower ball joint nut 3. Both ball joint nuts 
are self-locking and can be used again. With the upper 
ball joint out of the way, press out the lower ball pin 
using a long threaded bolt with a nut and large washer 
fitted as an abutment against the underside of the 
upper eye in the steering knuckle. In case of difficulty 
refer to the instructions on removing steering bail 
joints in Chapter 9, 

Clean and inspect the parts. Bent steering Knuckles 
and steering arms must not be straightened. If the 
fit of the inner bearing races on the stub axle is impaired, 
renew the steering knuckle. 

Upper and lower ball joints: 

These can be serviced after removing the torsion arms 
as in Section 8:7. Before attempting to remove the 
rubber dust seals it is important to remove all external dirt. 
If the seal has been damaged and road grit has entered 
the joint, fit a grease nipple m place of the plastic plug and 
force grease through until clean grease emerges. Use 
narrow feeler gauges to check the clearance of the ball in 
the joint. Clearance new is .020 inch with a wear limit 
of .080 inch, If the upper joint needs renewal the 
eccentric bushing 2 can be pressed off the ball pin. 
To reassemble, fit and secure the dust seal using 1 mm 
wire or a spring ring according to the method used. Fit the 


plastic clip and make sure the ring does not twist. Force in 
grease until the seal is full, remove the grease nipple and 
fit a new plastic plug. 

The ball joints are pressed into the torsion arms, being 
knurled to ensure a tight press fit. Never try to refit a 
joint once it has been removed but fit a new one. If the 
torsion arm eye is oversize, an oversize joint is available 
which is marked with two notches instead of one. 

To press out the upper joint, fit a nut to the ball pin to 
prevent it from coming out of the eccentric bush. Press in 
a new joint after lining up the joint notch with the notch 
in the torsion arm. Press out the lower joint. If the ball pin 
comes out first, follow up by pressing out the socket. 
Line up the notches when fitting new joints. 

Reassembling: 

This is carried out in the reverse order of dismantling. 
Fit the steering knuckle and ball joints to the torsion arms. 
Notice the notch in the eccentric bush which is arrowed 
in FIG 8 :7. This must be fitted so that it faces forward. 
The bush can be turned by the large hexagon so that the 
camber angle of the wheel can be adjusted as discussed 
in Chapter 9. 

Use self-locking nuts on the ball pins, tightening the 
10 mm nuts to a torque of 29-36 lb ft and the 12 mm nuts 
to 36-50 Ibft. Install the dampers as instructed in 
Section 8 :9. Tighten the tie rod ball joint nuts and lock 
with new splitpins. Fit the brake backplate and brake 
drum and install the hoses free from twist. Adjust and 
bleed the brakes. Adjust the wheel bearings as instructed 
in Section 8 :3. Adjust toe-in and camber as instructed 
in Chapter 9. 


8:7 Removing torsion arms 

The bearings for early torsion arms were plastic bushes 
pressed into the axle tubes. After March 1960 these were 
changed to an outer needle roller bearing 6 and an inner 
plastic and metal bush 8 as shown in FIG 8:1. Removing 
and pressing in these bearings to the correct depth 
requires the use of special equipment. It is recommended 
that the axle beam assembly is removed as in Section8:10 
and the work entrusted to a VW agent. 

Whatever the type, torsion arms are removed as 
follows; 

1 Remove the link and steering knuckle on early models 
as instructed in Section 8:5. Disconnect the damper 
from the lower arm, On models with ball jointed 
steering knuckles, remove the knuckle complete with 
brake drum, and if the lower arm is to be removed, 
disconnect the stabilizer bar and damper as instructed 
in Section 8 :9. 

2 Loosen the locknuts and unscrew the setscrews 5 
in FIG 8:7. These lock the arms to the torsion bars. 
The arms can now be drawn out of the axle tubes and 
the dust seals removed if necessary. 

Clean and check the bearing surfaces for wear. Wear 
limit in the bushes is .009 inch. Excessive wear in the 
needle bearings can be cured by fitting oversize bearings. 
Early torsion arms which run in plain bearings may be 
changed with those on the opposite side if wear at the 
bearing points is only slight, but note that upper and 
lower arms are not Interchangeable. 
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On early models, check the eyes for wear and reface 
if necessary On both types, check the arms for cracks 
and distortion. Do not try to straighten bent arms. 
Renew the dust seals <f they are defective and reassemble 
the arms to the axle tubes using lithium grease. 


8:8 Removing torsion bars 

The torsion bars consist of leaves of flat strip steel 
stretching from end to end of the axle beams The outer 
ends are clamped in the torsion arms and the centre of 
each bar assembly is locked against turning. Remove 
torsion bars as follows: 

1 Remove the torsion arms from one side as instructed in 
the preceding Section. 

2 Unscrew the locknuts and setscrews indicated at A 
in FIG 8:3. These secure the central parts of the 
torsion bars. 

3 Move to the side where the torsion arms are still 
installed and pull both them and the bars out of the 
axle tubes. Note that it is not necessary to mark the 
bars for correct reassembly if they are completely 
detached. The direction in which they have been 
twisted has no effect on their life. 

Clean the bars and examine them carefully for cracks 
or breaks. Fit new bars If necessary. Coat them well with 
grease before inserting and check that the correct 
assembly of leaves is being fitted. The number of leaves 
has been progressively Increased from six on early 
models to ten on the latest. 

Line up the recesses in the bars before fitting the set¬ 
screws and locknuts. Replace all the parts in the reverse 
order of removal. 



FIG 8:7 Features of the latest suspension system. 
Arrow indicates notch in eccentric bushing 

Key to Fig 8:7 1 Steering ball joint nut 2 Hexagon of 

eccentric bushing 3 Steering knuckle ball joint nuts 

4 Stabilizer bar clips 5 Arm to torsion bar locking screws 
and locknuts 


badly over bumpy roads or if, after bouncing the front end, 
the movement is not damped out almost immediately, 
then the dampers need checking. It is not enough to set 
the dampers vertically in a vice and test the resistance 
to movement up and down by hand. This will show that 
some damping is taking place but it is no check of 
efficiency. 


8 :9 Servicing stabilizer bar and dampers 

Recent models have a stabilizer bar which is secured 
to the lower torsion arms by rubber-lined clips 4 in FIG 
8 ;7. When both front wheels move in the same direction 
the bar is inoperative, but it reduces roll when one wheel 
moves up much more that the other, for example, when 
cornering. 

Removing stabilizer bar; 

Lift the vehicle and take off the front wheels. The clips 
round the rubber bushes are secured by clamps on the 
underside. Bend up the tabs on the inner ends of the 
clamps and drive them off in an outward direction by 
using a piece of flat steel bar and a hammer. Open up the 
clips and remove the plates, stabilizer bar and rubber 
bushes. Renew any defective parts. 

Refitting stabilizer bar: 

Fit the rubber bushes to the bar and lift into place. Fit 
the clips with the tapered slot narrowing towards the 
outer ends of the bar Compress the clips with a powerful 
wrench so that the clamps can be fitted Drive the clamps 
inwards, tab first until they are positioned and then turn 
up the tabs to lock them in place. 

Damper servicing; 

The dampers are of the double-acting telescopic type 
and are not adjustable. If the front end of the car pitches 


Removal: 

On early models remove the wheel, turn up the lock- 
plates and remove the nut from the lower fixing and the 
bolt from the upper one, On later models, remove the 
wheel and the outer tie rod ball joint as instructed in 
Chapter 9. Removal of the ball joint will ensure that the 
tie rod is not bent. Also on later models, remove the lower 
eye from the torsion arm and unscrew the top nut while 
holding the large hexagon above the rubber buffer stop 18 
FIG 8 :1, Lift away the damper. 

Testing: 

Adequate testing can only be carried out on special 
equipment, but if there is no resistance to movement 
when the damper is compressed and extended, it is 
certainly due for renewal. Otherwise, if there has been 
any doubt about the damping effect, the only cure is 
proper testing or renewal. Slight leakage of fluid is not 
necessarily a serious matter if the damper is working. 
There is no provision for topping up, but there is an 
adequate reserve supply in the damper. 

When renewing dampers, fit a pair and ensure that they 
are the correct type for the front axle. Rear dampers cannot 
be used. On recent models of the type shown in FIG 8:1, 
check the damper rings 17 and rubber buffer stop 18. 
It is possible to unscrew the top stud off the piston rod 
after pulling down the buffer. Check the rubber bush in 
the lower eye and have it renewed if necessary. A VW 
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FIG 8:8 Body to axle beam mounting 


Key to Fig 8:8 1 Body mounting bolt 2 Lockwasher 

3 Spacer 4 Rubber packing pieces 5 Threaded bush 
6 Axle beam 7 Body 


agent can fit a new oversize mounting pin to the lower 
torsion arm If the old one is worn or broken. 

In conditions of tropical heat, high loading and possible 
stone damage there are heavy duty dampers available, 
but all four dampers must be renewed. For very arduous 
conditions the Koni adjustable damper is recommended. 

Refitting dampers: 

On early dampers with top and bottom eye fixing, 
this operation is simply a reversal of the removal procedure, 
but use new lockplates and tighten the nut and the bolt 
securely to prevent rattles. Lightly grease the lower pin. 

On later dampers, lightly grease the lower pin, fit the 
damper and tighten the securing nut lightly. At the top 
end. fit the lower damper ring on the buffer stud with the 
spigot upwards. Feed the piston rod through the mounting 
bracket and fit the top damper ring with spigot down¬ 
wards. Fit the top plate and nut. Tighten this nut fully, 
then tighten the lower nut to a torque of 22-25 lb ft. 


8:10 Removing complete front axle 

With some variations according to model, do the 

following: 

1 Loosen the front wheel fixings, lift the car and place 
firm supports clear of the front axle and then remove 
the wheels. 

2 Disconnect the hoses from the brake backplates or 
from the brackets, if hydraulic brakes are fitted. Plug 
the hoses with wooden plugs. With mechanical brakes, 
remove the front frame cover, disconnect the stoplight 
switch cable, remove the switch and unhook the 
cables from the brake push bar. Note that the brake 
cables must remain on the axle if it is being exchanged. 

3 Remove cotter pin from speedometer drive in lefthand 
hub and pull cable out from behind stub axle. 

4 Disconnect steering damper from bracket if fitted. 
Remove the long tie rod and steering damper. 

5 Pull off fuel hose and plug it. then remove fuel tank. 


Loosen clip on steering column and disconnect horn 
lead. On early models pull out brush and brush-holder 
from column. Pull column off coupling flange complete 
with wheel. 

6 From under bonnet remove the two body mounting 
bolts 1 in FIG 8:8 which screw into the upper axle 
beam. Remove, the four axle mounting bolts R in FIG 
8 :3 after supporting the axle so that it cannot fall. Lift 
the axle awav- 

Dismantling of the axle has been covered in preceding 
Sections devoted to the individual assemblies. If the axle 
beam has been bent or damaged, remember that it is a 
welded assembly and must be renewed. Do not try to 
straighten bent tubes. 


8:11 Installing complete front axle 

Before installing the axle assembly fit the lower rubber 
packing pieces 4 to the threaded bushes 5 in FIG 8 :8. 
Lift the axle assembly into place and fit the upper packing 
pieces, the spacers 3 and the bolts 1 with new spring 
washers. Tighten to 14-21 lb ft after fitting the four front 
mounting bolts and tightening them to 36-43 lb ft. 

Repeat the dismantling instructions in reverse. Make 
sure there is a good earth connection at the steering 
column coupling and centre the wheel when pushing 
the column on the coupling flange pin. On other models 
there may be a marked ring on the steering gearbox which 
indicates the central position. The wheel is then fitted 
with the spokes horizontal. On alt models secure the 
column with the clamping screw and a new lockplate. 

Tighten the tie rod ball joint nuts and fit new cotter pins. 
Fit the steering damper to the bracket using a new lock- 
plate with its open end pointing to the front. Tighten bolt 
to 18-22 lb ft and bend up lockplate. 

Connect up the brakes, taking care that hoses are not 
twisted (see Chapter 10J. Bleed and adjust hydraulic 
brakes, adjust mechanical ones. Check front wheel 
alignment as in Chapter 9. 


8:12 Fault diagnosis 

(a) Wheel wobble 

1 Unbalanced wheels and tyres 

2 Worn steering ball joints 

3 Incorrect steering angles 

4 Weak, broken or incorrectly angled torsion bars 

5 Worn hub bearings 

(b) Erratic steering 

1 Check 1, 2, 3 and 4 in (a) 

2 Bent torsion arms 

3 Wear in linkpins or ball joints 

4 Unequal torsion bar angles on opposite sides 

5 Incorrect alignment of steering knuckles on linkpins. 
excessive end float 

6 Uneven tyre wear or pressures 

7 Defective dampers 

8 Incorrect steering angles 

9 Worn torsion arms and bearings, worn kingpins 
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(c) Rattles 

1 Worn steering ball joints 

2 Lack of lubrication 

3 Excessive end float of steering knuckle on linkpins 

4 Loose damper mountings, rubber bushes faulty 


(d) Excessive pitching and 'bottoming' 

1 Dampers inoperative 

2 Bump or buffer rubbers missing or faulty 

3 Broken torsion bar leaves 
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CHAPTER 9 
THE STEERING 


9:1 Description 

9:2 Routine maintenance 

9 ; 3 Removing steering wheel and column 

9:4 Removing and replacing steering gear 

9:5 Dismantling steering gear (early) 

9:6 Reassembling and adjusting (early) 

9:1 Description 
Early steering gear: 

Until August 1961 all models were fitted with the type 
of steering gearbox illustrated in FIG 9:1. This uses a 
worm and half-nut and these components can be seen 
in FIG 9:4. The worm shaft runs in ballbearings and it is 
coupled to the steering column by a flexible disc and two 
spiders. Meshing with the worm is a bronze half-nut or 
sector which is self-aligning in a spherical seating in the 
rocker arm at the top of the drop arm shaft. Movement of 
this shaft is transmitted by the drop arm to separate track 
rods whose outer ends are coupled by ball joints to the 
steering arms, as shown in FIG 8:1 in Chapter 8. This 
illustration also shows the telescopic damper which was 
fitted from August 1960 to provide a steadying effect on 
the steering. 

Two adjustments are possible to take up backlash, one 
for the worm shaft and one for the meshing of the half-nut. 

Later steering gear. 

From August 1961 the steering gear became a worm 
and roller type as shown.in FIG 9:2. The earlier half-nut 
is replaced by a roller mounted on a needle bearing 


9:7 Dismantling steering (later) 

9:8 Reassembling and adjusting (later) 
9:9 Track rods and steering damper 
9:10 Steering geometry and tracking 
9:11 Modifications 
9 :12 Fault diagnosis 


carried by the rocker arm. The roller engages the steering 
worm, giving an almost frictionless response to any 
movement. Backlash between the roller and the worm can 
be taken out by an adjusting screw. Backlash of the worm 
spindle can be eliminated by an adjusting screw for the 
lower bearing in the steering gearbox. Track rod arrange¬ 
ments are similar to those on the earlier type but the track 
rod joints no longer need lubrication through grease 
nippies. 

9:2 Routine maintenance 
Lubrication: 

The following instructions apply to all models except 
the latest types fitted with worm and roller steering gear 
and with two filler holes in the cover. These holes will be 
sealed with plastic plugs This type of gearbox is filled 
with 160cc of special transmission grease on assembly, 
and there is no need for regular inspection and replenish¬ 
ment. On all other types of steering gearbox with a 
single filler hole, grease must not be used. 

On all such vehicles, check the level of oil in the steering 
gearbox every 3000 miles. The level and filler plug will be 
found behind the spare wheel as shown in FIG 9 :3. 
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FIG 9 :1 The components of the first or early type of steering gear with additional views of the steering gearbox in 
plan and end elevation 


Key to Fig 9 :1 
5 Worm shaft 
11 Thrust pin 
17 Oil seal 
23 Horn push 


1 Steering wheel 2 Inner steering column 3 Outer steering column 

6 Sector or half-nut 7 Sector shaft 8 Drop arm 9 Track rod ball joint 

12 Adjusting screw 13 Locknut 14 Oil seal 15 Worm shaft ballbearings 
18 End cap 19 Filler plug 20 Steering wheel nut 21 Steering wheel bush 
24 Horn slip-ring brush 25 Slip-ring 


4 Flexible coupling 
10 Thrust spring 
16 Adjusting sleeve 
22 Column bracket 


The correct lubricant is SAE.90 hypoid oil. An empty 
steering gear case will hold approximately ^ pint, For 
topping up, add oil until It reaches the lower edge of the 
filler plug hole. 

On vehicles fitted with grease nipples on the track rod 
ball joints, use a grease gun filled with universal grease 
at intervals from 750 miles upwards according to road 
conditions. 

The remaining lubrication points which affect the 
steering gear are for the kingpin bushes, as shown early 
in Chapter 8. 

Adjustments; 

Normally there is no need to adjust the steering gear. 
Wear at various points in the steering and suspension 


assembly may make adjustment or renewal necessary. 
Parts of the suspension system which will affect the 
steering are covered in Chapter 8. All other adjustments 
will be fully covered in the following Instructions. 

9;3 Removing steering wheel and column 

1 Disconnect the battery earthing strap. Prise off the horn 
switch cover with a screwdriver and disconnect the 
cable from the switch. 

2 Remove the steering wheel nut and spring washer and 
draw off the wheel. 

Replace the steering wheel in the reverse sequence 
after putting some universal grease in the top bush. 

On recent models where the direction indicator switch 
Is located just below the hub of the steering wheel, make 
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FIG 9 :2 Components of second or later type of steering gear. The two plastic plugs in 
IS the latest type which is packed with grease 


the gearbox cover show that it 


R D Steering whecI 2 Horn ring 3 Horn contact pin 4 Steering wheel nut 5 Direction indicator switch 

11 M?.?n Ballbearing 8 Inner steering column 9 Rubber mounting for outer column 10 Outer column 

11 Horn connection 12 Flexible coupling 13 Worm shaft 14 Ballbearing 15 Roller shaft adjusting screw 


IS Locknut 17 Worm shaft adjusting screw 18 Locknut 
22 Earth connection 23 Track rod ball joint 24 Roller 
28 Mark to indicate central position 


19 Roller shaft 20 Clamp to axle tube '21 Omp arm 
25 Needle bearing 26 Shaft for roller 27 Shim 


sure the brass washer cut-out is exactly opposite and away 
from the lever with the front wheels in the straight-ahead 
position. The tongue of the cancelling ring must engage 
in the cut-out. Fit.two-spoke wheels so that the spokes 
are horizontal with the wheels set straight-ahead. One 
spoke should point downwards on three-spoked wheels. 
Tighten the nut to a torque of 36 to 43 lb ft. 

Removing steering column: 

1 On early models with a sliding horn contact low down 
on the outer column, remove the spring clip and pull 
out the brush holder and brush (see item 24 in 
FIG 9:1). 

2 On later models pull off the horn cable from the 
connection on the coupling low down on the inner 


column This coupling is item 12 in FIG 9:2. Remove 
the upper clamp screw and clip from just above this 
coupling. 

3 On all models without a steering/ignition lock, loosen 
the wheel nut slightly and pull the column out of the 
tube. On cars fitted with a lock, take off the wheel. 
Loosen the Indicator switch screw and take off the 
switch, disconnecting the cables and pulling them 
slightly out of the instrument panel. Pull out the column 
complete with bearing, If it is necessary to drive the 
bearing out through the lock shells on the column be 
careful not to damage it. Press the circlip off and 
remove the brass washer, thrust spring and support 
ring. Check the condition of the ballbearing. To remove, 
push upwards and out. 
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Replacing steering column; 

Before reassembling, check the steering column fo 
alignment. If there is a top bush instead of a ballbearing 
there must be no more than .03 inch clearance betweer 
the wheel hub and bush. Press in a new bush so tha 
.04 inch projects from the outer column. Clean up th« 
horn contact surfaces. 

Refit all the parts in the reverse sequence. The top ball 
bearing is packed with special grease and needs nc 
maintenance. On cars with a steering lock, drive ih« 
bearing into the tube and replace the supporting rin< 
with flange upwards. Fit the spring and brass washer an< 
secure with the circlip. Set the brass washer as instructer 
at the end of the notes on removing and replacing thi 
steering wheel. Set the space between the hub and thi 
indicator switch to .08 inch as indicated at A in FIG 9:2 
Fit a new lockplate to the screw in the clip at the botlon 
of the column. 

Note that assemblies which have a bush at the top c 
the column may have a plastic bush instead of the originc 
type. This is half the width. Renew the earlier bush b' 
fitting two plastic ones. The wheel hub must not touci 
the column tube. If it does, the position of the steerini 
gear must be adjusted. 

9:4 Removing and replacing steering gear 

1 Jack-up the front of the car and support on block: 
Remove the front wheels Refer to FIG 9:2. Unloc 
and remove the nuts from the inner ball joints 2 
of each track rod. Press out the threaded ball pins fror 
the drop arm 21. Do not hammer on the end of the pi 
in order to loosen It. Hold a heavy steel block again? 
one of the drop arm eyes and. hammer on'the opposil 
side of the eye. This should jar the tapers apart. Th 
correct method is to use an official extractor. 

2 According to model, pull off the horn wire from th 
steering column tube contact or remove the sprin 
clip at the horn sliding contact on early cars and pu 
the brush out of the holder. 

3 Remove the screw from the clip at the lower end of th 
column and pull the column upwards to free it fror 
the steering gear shaft. 

4 Remove the clamp 20 from the steering gearbox wher 
it is mounted on one of the suspension cross-tube 
Mark the position of the gearbox on the tube. Remov 
the steering gear. 

Replacing steering gear . 

It is assumed that the assembly has been checked an 
serviced according to the instructions In Sections 9: 
or 9 :8. Then proceed as follows; 

1 Refit the steering gearbox in the original marks 
position. On early cars this position can be checked t 
measuring that the distance from the centre line of th 
filler plug to the centre of the suspension cross-tub€ 
is 10.24 inches. With the shaft at an angle of aboi 
25 deg. it should line up with the steering columi 
The steering column must not touch the column tub 
It will be found that there are two welded stops c 
later models to help in positioning the gear. 

2 Fit new lockplates on the mounting clamp screws ar 
tighten when the alignment is satisfactory. 

3 Check the oil level and replenish to the level of th 


FIG 9:3 Location of filler plug for steering gearbox on 
LHO Karmann Ghia. On ''Beetles' the filler plug Is in a 
similar position 


FIG 9:4 Two views of early steering gearbox com¬ 
ponents 

Key to Fig 9:4 1 Casing 2 Cover 3 Sector shaft 

4 Worm 5 Bronze haif-nut or sector 6 Adjusting screw 
7 Thrust pin 8 Thrust spring 9 End cap 10 Lower 
ballbearing 11 Upper ballbearing 12 Adjusting sleeve 
13 Coupling 14 Pinchbolt 15 Lockplate 


bottom of the filler plug hole. Do not overfill. If there 
is no filler plug, the casing is packed with grease and 
no attention is needed. 

4 Check the toe-in or tracking of the front wheels as 
instructed in Section 9:10. Whenever the steering 
gearbox is removed or its position adjusted, it is 
essential to check the tracking. 

9:5 Dismantling steering gear (early) 

It is easier to work on the steering gearbox it it is 
clamped to a suitable section of tubing gripped in a vice. 
Refer to FIG 9 :4 for parts. 

1 Undo the pinch bolt 14 and remove it from the lower 
clip securing the coupling 13 to the worm shaft 4, 
Pull off the coupling. Remove the drop arm clamp bolt 
and pull off the arm from sector shaft 3. Take care of 
the shims immediately behind the drop arm. 

2 Remove the gearbox cover 2 (four screws). Lift out 
the pin 7 and spring 8 from the recess in the end of the 
sector shaft. Withdraw the shaft and lift the sector 5 
off the worm. 

3 Remove the clamping screw from the top of the casing 
and pull out the adjusting sleeve 12 complete with 
worm and shaft. 

4 Drive out the end cap 9 at the other end and then press 
the lower thrust bearing 10 inwards to remove it from 
the casing. 

Clean all the parts and examine for wear. When new, 
the sides of the sector teeth do not quite touch the worm 
thread by .0004 to .0008 inch. This backlash disappears 
in use, to give complete contact. This contact surface can 
be checked by using a light smear of engineer's Prussian 
blue on the worm and working the two parts together. 
Excessive backlash and wear of the spherical seating of 
the sector calls for renewal of the parts. Generally 
speaking It is best to renew the worm, the sector and the 
sector shaft as a set. Note that early sets were lapped 
together. Later types were not and it is not permissible to 
fit the new parts as individual replacements to earlier 
steering gearboxes. 

Renew the thrust bearings, particularly if the races are 
pitted. Do not hammer them into place but use a press. 

Leakage past the worm shaft or the sector shaft can be 
cured by fitting new seals. A felt one in the adjusting sleeve 
for the worm shaft is pressed in after the cap ring is 
pressed in first to a depth .40 to .45 inch below the top 
edge of the sleeve. An early type of seal with one lip 
slightly recessed and the other projecting, must be fitted 
with the projecting lip uppermost. A later symmetrical 
seal can be fitted either way round. The sector shaft seal 
can be damaged by the splines on the shaft when dis¬ 
mantling or reassembling. Remove all burrs from the 
splines and polish the shaft where the seal makes contact. 
Do not turn the shaft when refitting it, to avoid this kind 
of damage. 

Check the sector shaft spring and thrust pin. The spring 
length should be .90 to .94 inch and the load at the 
assembled length should be 130 to 165 lb. The pin 
should be .78 to .79 inch long. 

9:6 Reassembling and adjusting (early) 
Reassembling: 

1 If the studs have been removed, apply sealing com- 



FIG 9:5 After slackening the clamping screw, the 
adjusting sleeve is turned to adjust the worm shaft 
bearings 



FIG 9:6 Adjusting the sector shaft on the early type of 
steering gearbox 


pound to the holes and also to the ends of the studs 
before screwing them in. Also apply seating compound 
to the lower end cap before pressing into place. 

2 Follow the reverse sequence when reassembling and 
refill the gearbox with oil as instructed in Section 9 :2. 
Then proceed to adjust as follows: 


Adjusting (either in or out of the car): 

Slacken the sector shaft adjusting screw and then take 
up the end play in the worm shaft as follows. Loosen the 
adjusting sleeve clamping screw and turn the sleeve by 
the two spanner flats until the end play has been taken up. 
Do not overtighten or the thrust bearings will be 
damaged. When satisfied, tighten the clamping screw. 
FIG 9:5 shows this operation. 

Now adjust the sector shaft end play as shown in 
FIG 9:6. This must not exceed .008 inch. Accurate 
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adjustment will ensure satisfactory meshing of the sector 
in the worm and good contact of the spherical seating of 
the sector and sector arm. All this must be done In such a 
way that the steering does not bind on full lock in both 
directions. On the road, the steering wheel should return 
automatically to the straight-ahead position after taking a 
bend. It will be found that assemblies which have seen 
much service have a tendency to be free in the straight¬ 
ahead position and begin to tighten on turning to full lock. 
The only cure for this is to renew the defective parts. 
To adjust, set the sector shaft in the central position and 
tighten the adjusting screw as far as it will go. Slacken it 
off one eighth of a turn, hold the screw with a screw¬ 
driver and tighten the locknut. 

When the steering gearbox has been refitted to the car. 
keep the front wheels clear of the ground and check the 
steering on full lock in both directions. Do not assume 
that the gearbox is at fault if there is tightness, as it may 
be due to stiffness in the rest of the steering components. 
Check this with the steering track rods disconnected. 
This is essential if any attempt is made to adjust the 
steering gearbox while it is still in the car. 

9:7 Dismantling steering gear (later) 

Before venturing to dismantle and reassemble the roller 
and worm type of steering gear shown in FIG 9 :2 it must 
be pointed out that accurate setting of the roller and the 
worm is a task for a competent engineer who is prepared 
to make up the measuring devices. The method will be 
given in the following instructions, but anyone who has 
doubts about his ability to carry out the adjustments in a 
satisfactory way is strongly recommended to entrust the 
work to a VW Service Station. 


Dismantling; 

1 Drain out the oil and clamp the box to a piece of tubing 
held in a vice. Unlock and remove the drop arm 
clamping screw and pull off the arm 21. 

2 Remove the cover (four screws) after taking off the 
adjuster locknut and turning the screw 15 inwards. 

3 The splines on the roller shaft 19 are likely to damage 
the casing oil seal when the shaft is pushed upwards 
and out. Service Stations use a piece of very thin- 
wailed tubing slipped over the splines as a protection 
against such damage. When the shaft is removed, 
release the adjusting screw at the top by removing the 
circlip. The screw is fitted with a washer. No further 
dismantling of the roller shaft is permissible. 

4 At the lower end of the casing, unlock and unscrew 
the worm adjuster 17. Pushing on the shaft by hand 
will press out the worm and lower ballbearing. The 
upper ballbearing Is removed by driving both bearing 
and oil seal inwards with a drift. There will be a shim 27 
behind the bearing. 

Clean all parts and check for wear or damage. Renew 
bearings with pitted races and renew oil seals if leakage 
has been troublesome. Renew the worm and the roller 
shaft assembly if wear and play is apparent. End float of 
the roller must not exceed .0016 inch. Do not fit the 
steering worm oil seal until after the steering worm 
assembly has been adjusted. 


9:8 Reassembling and adjusting (later) 

To understand the adjustments necessary on this type 
of steering gear it must be appreciated that the steering 
mechanism in the box is only free of play for a small range 
of movement on either side of the central or straight¬ 
ahead position. On increasing the lock some play becomes 
noticeable when the car is stationary but this cannot be 
felt when under way. Those adjustments which can be 
made without dismantling the assembly will be covered 
•at the end of this Section, 

1 Fit the upper ballbearing to the worm with the original 
shim or one approximately ,012 inch thick and insert 
In the casing. Insert the lower ballbearing. Do not fit 
the oil seal. 

2 Screw in the lower adjusting screw for the steering 
worm and tighten fully, then slacken until the worm 
can just be turned freely by hand without end float. 
Tighten the locknut 18 

3 Fit the adjusting screw Into the roller shaft followed by 
the washer and circlip. There should be no end play 
in the adjusting screw but it should be free to turn. 
Washers are available In various thicknesses to enable 
the required conditions to be met. Assemble the shaft 
to the cover by screwing in the adjusting screw all the 
way. Before introducing the shaft into the casing, 
insert a guide with a tapered lead so that it will expand 
the oil seal and allow the shaft splines to pass through 
without damage to the seal. Set the roller shaft arm 
so that it is at right angles to the worm. Tighten the 
four screws to 14 to 18 lb ft. 

4 Fit the drop arm and tighten the clamping screw. Turn 
the worm shaft fully in both directions and then set it 

. in the midway position. The groove in the end of the 
shaft should then be vertical. 

5 Make up a protractor scale measuring about fifteen 
degrees on either side of zero and arrange to clamp it 
in the slot of the drop arm so that it is in line with the 
arm but pointing in the opposite direction. The centre 
of the particular scale must coincide with the centre line 
of the roller shaft. Make up a pointer which can be 
clipped to the casing and yet be capable of radial 
movement. 

6 Move the drop arm to and fro to the extent of the free 
play between roller and worm, halve it and set the 
pointer at zero on the scale in that position. Screw in 
the roller shaft adjusting screw in the cover about four 
turns and turn the worm shaft until the pointer reads 
11 deg. to left or right of zero. Move the drop arm 
quickly to and fro to set the amount of play between 
the roller and the worm and then turn the adjusting 
screw until there is no perceptible play at the drop arm. 
Hold the screw and tighten the locknut. Turn the 
steering onto the other lock and check the angle at 
which free play becomes noticeable. 

7 The range without free play should be equal on each 
side of the central position at an angle of 11 deg.± 
2 deg. on each side. This applies to new worm and 
roller assemblies only. After use, adjust to 5 deg. on 
each side. A deviation of more than 2 deg. to one side 
calls for correction of the worm position by shimming. 
The assembly must be dismantled and shims selected 
as follows; When steering lock with no free play is 
greater on the left side of the degree scale, fit a thinner 
shim. If on the opposite side, fit a thicker shim. Shims 


106 



are available in thicknesses from .20 mm to .50 mm in 
steps of .050 mm. 

8 Press in the worm shaft oil seal. Remove the four cover 
screws, coat them with sealing compound and tighten 
to 14 to 18 Ibft. Refit assembly to car and fill with 
correct grade of lubricant as instructed in Section 9:2. 
When grease is used, put in the required quantity before 
fitting the cover (latest models). 

Checking and adjusting whilst in car: 

Check with the wheels on the ground and the front 
wheels straight-ahead. Turn the steering wheel with 
gentle finger pressure to feel the free play before resistance 
becomes noticeable. The total range of free play in the 
central position should not exceed 1 inch at the steering 
wheel rim, Excessive play is eliminated in the following 
sequences, but first be certain that the play is not in the 
track rod ball joints or the swivel pins. 

To take out end float in the worm shaft, lift the front 
wheels clear of the ground and make sure that there is no 
stiffness in the rest of the steering gear due to lack of 
lubrication. Turn the steering wheel on right or left lock 
and loosen the locknut on the worm adjusting screw 
at the lower end of the steering gearbox. Tighten the 
screw until no play can be felt when turning the worm to 
and fro at the coupling. Hold the adjusting screw and 
tighten the locknut. 

Turn the steering from lock to lock to check for 
tightness at any spot. Slacken the adjustment if any is felt. 

To eliminate play between the roller and the worm keep 
the car wheels on the ground. There should be no play 
between the roller and worm when the steering is in the 
central position. Turn the steering wheel 90 deg. to left 
or right. Loosen the roller shaft adjusting screw locknut. 
Slacken the screw about one turn and then tighten it 
again until the roller can be felt to contact the worm. 
Hold the screw and tighten the locknut to 16 to 18 Ibft. 

Check by turning the steering wheel 90 deg. to each 
side. Play at the wheel rim must not exceed 1 inch. If 
there is more play on one side adjust the roller to the 
worm at 90 deg. on that side. 

Check the toe-in as instructed in Section 9:10. 
Carry out a road test. Take a sharp corner at 10 to 
12 mile/hr and let the steering wheel return virtually 
unaided. It should do this to within 45 deg. of the central 
position. If it does not the roller Is too tight and damage 
could ensue. Readjust at once. 

Position of free play between roller and worm: 

This cannot be adjusted by altering the roller shaft or 
worm shaft adjusters. Any defect of this nature can only 
be cured by following the instructions given in 
'Reassembling'. 

9; 9 Track rods and steering damper 
Servicing track rods: 

The ball joints fitted to the ends of the track rods may 
be locked in place with clips and pinchbolts or by two 
nuts. Grease nipples will be used for lubrication service 
on early vehicles Later vehicles will have sealed ball 
joints which are packed with grease and these do not 
need attention. The condition of the rubber seals is 


vitally important, particularly on the sealed joint. Renew 
the seals on early joints if no dirt has entered. Sealed 
joints must be renewed If the seal is damaged and every 
care must be taken not to squeeze grease out of them 
when they are being handled or taken off. 

Removing: 

1 Raise the front of the vehicle and remove the wheels. 
Detach the steering damper and unlock and remove the 
nuts securing the ball joint pins to the drop arm and 
steering arms. 

2 Press the ball pins out with a special extractor made for 
the job. Do not hammer on the threaded end of the pin 
if the extractor is not available. It helps to jar the tapers 
loose by hammering on one side of the eye while a 
heavy steel block is held against the opposite side. 

3 Before unscrewing the ball joints from the rods it is 
useful to record the position approximately, so that the 
joint can be refitted in much the same place. This will 
save time when checking the tracking. 

Check the rods for damage. Bent rods must not be 
straightened but renewed. Check each ball joint by 
moving the pin about. It must do so without roughness 
and without shake. The thread on the pin must be 
undamaged. If old joints are considered satisfactory, 
check that the grease nipples are clear and undamaged. 
Joints can be renewed individually, and the newer sealed 
type can be fitted as replacements of the early type with 
grease nipples, providing the joints are of the type 
requiring two locknuts. 

Replacing track rods: 

Install both rods so that the ball joints with lefthand 
threads are on the lefthand side. These are sometimes 
marked with a paint spot. On early vehicles fi.t the short 
track rod so that the bent end is attached to the drop arm. 
Tighten the ball pin nuts and lock them, then slacken the 
clips or nuts securing the joints to the track rods. Move 
the joints until they are aligned with each other at both 
endsof a rod and tighten the nuts or clips. Refit the steering 
damper and check the tracking according to the Instruc¬ 
tions In Section 9 :10. 

Removing steering damper: 

Remove the bolt from the bracket end and the nut from 
the track rod end and remove the damper. Check by 
pushing the plunger in slowly and steadily. The resistance 
should be uniform throughout the travel. Renew the 
damper if there are 'flat spots'. 

The rubber bushes may need renewal. First press out 
the metal sleeve, followed by the rubber bush. Press in a 
new bush and then use a tapered and shouldered pilot to 
press in the metal sleeve. Put a smear of rubber grease on 
the pilot to assist penetration. Do not forget the bush and 
sleeve in the track rod and make sure the attachments are 
sound. 

Refitting steering damper: 

Tighten the inner nut at the track rod eye to 18 to 22 lb ft 
and secure with a new locknut. Fit the bolt at the bracket 
end, using a new lockplate. Fit the plate with the open end 
pointing forward and the short angled end on the bracket. 
Tighten boll to 18 to 21 lb ft and lock. 
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FIG 9:7 The angles which determine steering behaviour. A is the camber angle. B is the kingpin inclination, and C is 
the castor angle 


9:10 Steering geometry and tracking 

If steering is to be smooth, accurate and without strain 
then several conditions must be met. These are. that 
lubrication is regular and adequate, that all parts are 
correctly adjusted, that the steering angles have not been 
thrown out by accident damage, that the tyres are not 
excessively out of balance and that they are running at 
the correct pressure. Tyre wear must be even, the dampers 
must be in working order and the tracking or toe-in 
must be correct. 

Correct steering angles are specified by the manu¬ 
facturers and they will be found in Technical Data. 
FIG 9:7 shows the camber angle, the kingpin inclination 
and the castor angle in diagrammatic form. Wear and 
damage will affect these angles and may result in hard 
steering, excessive tyre wear, pulling to one side, front 
wheel 'shimmy', poor road holding and poor cornering. 

Camber angle and kingpin inclination reduce the effect 
of road shocks on steering and keep down tyre wear, 
especially when cornering. Castor angle is noticeable 
because it induces the steering wheel to return unaided 
to the central position after passing through a sharp bend. 
Not enough castor angle makes the vehicle wander about 
over potholes and bad roads or under the influence of 
side winds. Too much increases the effort needed to 
deflect the wheels from the straight-ahead position. 

Rough checks can be made to establish whether the 
angles are seriously out, but accurate measurements 
must be made by optical alignment gauges as used 
in service stations. The required conditions are that the 
vehicle is on a level, horizontal and smooth surface. The 
tyres must be at the correct pressure and the front wheel 


bearings correctly adjusted. The steering gear must be 
properly adjusted, the vehicle must be unladen except 
for the spare wheel and a full tank and the suspension 
must be well bounced before testing. 

Given these conditions, the camber angle can be 
roughly checked by dropping a plumb line from the top 
bulge of a front tyre and measuring the distance from the 
line to the bottom bulge. A simple drawing on a large 
sheet of paper will enable the dimensions to be set out 
and the angle measured with a protractor. It is advisable 
to check by rolling the car forward for half a turn of the 
wheels, measuring again and taking the average. This 
method will enable a check to be made of the angles on 
each side. 

Adjusting the tracking or amount of toe-in: 

The front wheels are not parallel when at rest but 
'toe-in'. This is done so that the wheels are parallel when 
under way because all the play which is present in the 
steering gear and suspension is taken out by the rolling 
resistance of the wheels. FIG 9 :8 shows that the amount 
of toe-in is the differenoe between measurements A and 
A—. Due to the geometry of the steering gear the wheels 
actually toe-out when they are turned for cornering at 
sharp angles as shown in the righthand view. This angle 
must also be checked in cases where there is trouble with 
the steering. 

To carry out a rough check of the toe-in, satisfy the test 
conditions and then measure the distance between the 
rims at A and A— at.wheel centre height above the 
ground. Roll the car forward for half a wheel and measure 
again in order to compensate for uneven rims. The 
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FIG 9:8 Front wheel tracking. With front wheels straight-ahead, toe-in means that dimension A— is less than A. 
On large steering locks this becomes toe-out as indicated on the right. B-i- is the greater than B 


difference between measurements A and A— is the 
amount of toe-out or toe-in. 

Adjustment is made by altering both track rod lengths 
an equal amount. Set the wheels straight-ahead by 
halving the steering wheel turns from lock to lock. The 
ball joints at each end of the track rods must be released 
by slackening the clips or unlocking and turning the riuts. 
On early cars, only one track rod is adjustable for length 
Turn each track rod in the required direction to rectify any 
error. Turn both rods in the same direction and by an 
equal amount or the position of the steering wheel 
spokes will be altered. Tighten the ball joint clips or 
nuts after setting the joints at each end of a rod in the 
same plane. 


Adjusting the camber angle: 

Assuming that accurate measuring facilities are 
available, it is possible to adjust the camber angle on cars 
made after August 1965 which are fitted with ball joints 
on the kingpins instead of the earlier type with plain 
linkpins. The adjustment is made by turning an eccentric 
bush which can be seen in FIG 8:7 in Chapter 8. 
Checking the camber angle is possible on earlier 
cars, but errors can be rectified only by renewing 
faulty parts. The correction of camber angles by 
altering the position of shims on the linkpins 
might result in excessive wear and is definitely not 
recommended. To adjust by means of the eccentric 
bush do the following: 

1 Place the vehicle on a smooth level surface with the 
tyres correctly inflated and the front wheels exactly in 
the straight-ahead position. 

2 Loosen the self-locking nut which secures the upper 
ball joint pin to the steering knuckle. Note the notch in 
one face of the hexagonal part of the eccentric bush. 
Initially, this notch is assembled in the straight-ahead 
position. For adjustment purposes it can be turned no 
more than 90 deg. in either direction. When satisfied 
with the setting, hold the hexagon and tighten the ball 
pin nut to a torque of 29 to 36 lb ft. 




FIG 9:9 Setting the steering wheel spokes correctly on 
vehicles with two adjustable track rods. The arrows 
indicate the direction in which to turn the rods to bring 
the spokes to the horizontal position. 


Steering wheel spokes at an angle: 

This condition must not be cured by turning the 
wheel on the column splines. Adjustment is made by 
altering the length of the track rods, one rod being 
lengthened and the other shortened by equal amounts. 
The principle is clearly shown by the arrows in FIG 9 :9. 
If the rods are turned equal amounts in opposite directions, 
the toe-in will remain unaltered. 
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9:11 Modifications 
Steering gearbox location: 

From August 1965 the steering gearbox is positively 
located by a dowel on the axle tube and notches in the 
clamp where it fits the tube. Note that the cap is stamped 
with two arrows and numbers 13 and 14. 13 applies to 
the 1200A , 1300 and ‘1500’ and 14 to the Karmann 
Ghia. Whichever number is appropriate, the arrow 
adjoining it must face to the front. 

Steering gearbox modifications to early type: 

On the worm and half-nut assembly covered in 
Section 9:5, early boxes have a shim adjustment for 
the sector shaft and the clearance should be .015 to 
.040 inch. The spring and thrust pin were later modified 
and a light alloy cover fitted. This will identify the type if 
replacements are needed. 

Track rod joints: 

The sealed type which need no periodic lubrication, 
have no grease nipple. They can be fitted in place of the 
older type. 

Track rod clamps: 

Instead of the original two-nut locking of the ball joints 
to the track rods, clamps were fitted from August 1965, 
The new type cannot be fitted to earlier vehicles. 

9:12 Fault diagnosis 

(a) Wheel wobble 

1 Unbalanced wheels and tyres, pressures uneven 


2 Looseness in steering gear and connections 

3 Front end damaged, incorrect steering angles 

4 Incorrect toe-in adjustment 

5 Worn or slack hub bearings 

6 Faulty dampers 

(b) Steering wander 

1 Check 2, 3 and 5 in (a) 

2 Smooth front tyres, pressures too high or too low 

(c) Heavy steering 

1 Check 3 in (a) 

2 Low or uneven tyre pressures 

3 Faulty steering gear adjustment 

4 Lubrication neglected 

5 Front suspension worn or out of alignment 

6 Steering gearbox mounted out of line 

7 Faulty steering damper 

8 Weak or broken torsion bars 

9 Steering column bent 

(d) Lost motion 

1 Loose steering wheel, worn splines 

2 Worn ball joints and suspension pivots 

3 Drop arm loose on shaft 

4 Steering gearbox mounting loose 

5 General wear and faulty adjustment of steering gearbox 

(e) Steering pulls to one side 

1 Check 3 in (a) and 2 in (c) 

2 One front brake binding 

3 Broken or sagging rear suspension 

4 Bent front axle tubes 
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CHAPTER 10 

THE BRAKING SYSTEM 


10:1 Description of systems 

10:2 Routine maintenance 

10:3 Servicing master cylinder 

10:4 Removing drum brake shoes 

10:5 Removing and servicing wheel cylinders 

10:6 Dismantling drum brakes 

10:7 Brake hoses and pipelines 


10:1 Description of systems 

There are two systems to be covered in this chapter, one 
in which the brakes are mechanically operated and the 
other with hydraulic operation as shown in FIG 10:1. 
In the mechanical system the brakes are applied by cables 
which couple the brake pedal to the mechanism in the 
brakes. This type of installation was fitted to Standard 
Beetles’ until August 1961. 

All other ’Beetles' and Karmann Ghias have had 
hydraulic braking systems, and every model dealt with in 
this manual has had a cable-operated handbrake. 

Drum brakes have been fitted to all models until the 
introduction of disc brakes on the front wheels of the 
Karmann Ghia, and then on the 1500 'Beetle' cars from 
August 1966. At this point It must be mentioned that 
there have been so many changes in brake design that it is 
practically impossible to illustrate them all. However, the 
basic principles have remained unchanged and there 
should be no difficulty in working on any one of the 
systems from the instructions in this chapter. 


10:8 Disc brakes 
10:9 Disc brake maintenance 
10:10 Disc brake servicing 
10:11 Dual braking system 
10:12 Bleeding the brakes 
10:13 The handbrake 
10:14 Fault diagnosis 


The mechanical system: 

The four brake cables leave the brake backplates as 
shown in FIG 10:5 and travel forward through protective 
tubes to terminate at the centre of the car between the two 
large front suspension tubes. Here they are coupled to a 
crosshead which Is part of a trough-like bar connected 
to the brake pedal. Lying in the trough is another pushbar 
which is coupled to the handbrake, and after a small 
amount of clearance is taken up, this bar will also push 
the crosshead-forward to pull on the cables and apply 
the brakes. Slack in the cables can be taken up at the 
brake backplates and these plates are also fittea with shoe 
adjusting nuts as shown in FIG 10:5. 

The hydraulic system: 

This is illustrated in FIG 10 :1. An earlier arrangement 
used a master cylinder with integral supply tank or fluid 
reservoir and a long pushrod from the handbrake lever to a 
crosshead pulling on two cables leading to the rear 
brakes. This was superseded in 1956 by the arrangement 
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FIG 10:1 Layout of hydraulic braking system with mechanical handbrake 


Keyto Fig 10:1 1 Brake pedal 

5 Steel pipeline 6 Threeway union 

11 Cable guide tube 12 Front brake 


2 Master cylinder 3 

7 Bracket 8 Flexible hose 
13 Rear brake 


Fluid reservoir 4 Stoplight switch 

9 Wheel cylinder 10 Handbrake lever 


shown in the illustration. A section through the master 
cylinder is given in FIG 10:10. 

Fluid reservoir 25 ensures that the braking system of 
pipes and cylinders is always full of fluid. Pressure on the 
brake pedal moves piston 37 down the bore of body 30, 
forcing fluid past valve 31 and into the pipelines 
connected to the brakes as illustrated in FIG 10:1. 
Typical front and rear drum brakes are shown in FIG 
10:2. As already mentioned, there have been changes in 
brake design which will be seen on some models as a 
different mounting of the brake shoe pull-off .springs. 
None of these will affect the description of the system. 

Both front and rear drum brakes are fitted with a single 
shoe-expanding cylinder as shown in section in FIG 10:3. 
The cylinder 5 carries two pistons 10. each provided with 
a sealing cup 8. Fluid under pressure from the master 
cylinder enters each wheel cylinder from behind the back- 
plate and forces the pistons apart, thus pressing the 
shoes 2 into braking contact with the drums. An adjust¬ 
ment for lining wear is provided by two screws 3 and 
nuts 4. The serrated nuts can be turned with a screwdriver, 
either through the drum or through the backplate 
according to model. 

On the rear brakes, the handbrake mechanism can be 
seen as cable 22, pushrod 19 and lever 21, to provide a 
mechanical means of expanding the shoes. 


Disc brakes on the front wheels of the latest models will 
be covered In Section 10:8. 

10:2 Routine maintenance 
Adjusting mec/ianical brakes: 

Lift the car and release the handbrake. Check the 
clearance between the two brake pushbars as instructed 
in 'Adjusting the handbrake'. Free play in the brake pedal 
can be taken up by moving the pedal stop plate. As shown 
in FIG 10:4, release the cable sleeve locknut and turn 
both sleeve and locknut clockwise towards the backplate. 
Turn the shoe adjusting nut in FIG 10:5 until the drum 
cannot be turned by hand. Now return to the cable sleeve 
and turn it back until there is a very little clearance 
between the end of the cable outer hose and the sleeve 
and tighten the locknut. Loosen the lower adjusting nut 
until the drum Is just free and tap it to centralize the shoes 
and expander. Repeat on all four wheels and then apply 
the handbrake for three notches and check the resistance 
of each brake. Adjust at the lower nut on the backplate if 
necessary. Test on the road with heavy brake applications. 
A difference in drum temperature is an indication of 
uneven braking. After testing, check the handbrake. 
It should be impossible to turn the wheels by hand at the 
fourth notch on the lever. 
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FIG 10 ;2 Front brake (left), rear brake (right). Large arrow points to front of car, small arrows show direction to turn 
adjusting nuts to reduce lining clearance 


If the cables have stretched so that adjustment is no 
longer possible, special distance pieces can be installed. 

Topping up hydraulic reservoir on drum brakes; 

The reservoir Is located behind the spare wheel in the 
front compartment as shown in FIG 10:6. Clean all round 
the cap thoroughly so that dirt cannot enter when the cap 
is unscrewed. Check the fluid level. The reservoir must 
always be at least threequarters full and when topping up 
the level must be to within ^ to f inch of the top. Use only 
genuine VW or Lockheed brake fluid. Never put 
mineral oil in the system as this will ruin all the 
rubber seals. Be careful not to spill the fluid on 
paintwork. Before restoring the cap, check the vent hole 
in it. This is sometimes blocked when a vehicle has been 
repainted. 

If the reservoir needs frequent topping up there 
is a leak in the system. This must have immediate 
attention as further neglect might have dangerous 
consequences. The most likely places for leaks are at the 
pipe joints and past the sealing cups in the cylinders. 
Flexible hoses must also be checked. 

Topping up hydraulic reservoir on disc brakes: 

The reservoir will be found to the rear of the front 
compartment on the lefthand side on cars with dual 
braking systems. The double reservoir will be recognized 
although it has only one filler cap. Top up with genuine 
VW or Lockheed brake fluid and no other, filling the 
reservoir to the level of the joint round the container. 

Adjusting hydraulic drum brakes: 

Before adjusting, check the front wheel bearing play. 
Apply the brake pedal several times to centralize the shoes. 
Raise the vehicle and release the handbrake. Remove the 
wheel caps. 


Turn one of the wheels until the hole in the drum is in 
line with one of the adjusters. On later vehicles from 1966 
the adjustment is made through holes in the backplau 
which are sealed by plastic plugs as shown in FIG 10:7, 
Consult FIG 10:2 to determine the correct way to move 
the serrated adjusting nuts when taking up slack. Turn 
one nut. using the screwdriver as a lever, until a light drag 
on the drum can be felt. Repeat on the other nut, then 
back off both nuts by three to four teeth until the wheel 
wheel will turn freely. Repeat on the other three wheels. 
Never adjust one wheel alone. Test by applying the 
brake pedal hard several times then check the adjustment. 
Do not forget to replace the plugs in the backplate holes 
to exclude dirt. 

Adjusting hydraulic disc brakes: 

As disc brakes are self-adjusting the only cause of 
excessive pedal movement is leakage, or wear of the rear 
brake linings. Adjust the rear brakes in the manner 
suggested in the preceding instructions for drum brakes. 

Adjusting the handbrake: 

On early models before 1956 which are fitted with 
pushrod handbrake operation and hydraulic brakes, the 
adjusting nuts will be found in the middle between the 
front suspension tubes across the car. Remove the frame 
head cover, loosen the locknuts on the crosshead and 
jack-up the rear wheels. Apply the handbrake by two 
notches and turn the two inner adjusting nuts on the 
crosshead by an equal amount to produce equal 
resistance at the rear drums. The wheels should be 
immovable by hand when the handbrake is on the fourth 
notch, but should be free when the lever is released. 

On cars with mechanical brakes, the crosshead and 
front ends of the two pushrods will also be found in the 
middle between the cross tubes of the front suspension. 
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FIG 10:3 Rear brake showing wheel cylinder and adjuster in section 


Key to Fig 10:3 1 

6 Cup expander spring 
13 Shoe locating spring 
19 Handbrake pushrod 


Backplate 2 Brake shoe 3 Adjusting screw 4 Adjusting nut 5 Wheel cyHrjder housing 
7 Cuo Bxoander 8 Cup 10 Piston 11 Boot 12 Shoe return spring 

and washer^ 15 Anchor block for adjuster 16 Leaf spring 17 Bleed screw 18 Dust cap 
20 Clip 21 Lever 22 Handbrake cable 23 Brake cable guide tube 


The adjustment is to obtain a clearance of .04 inch at the 
point indicated in FIG 10:8. Remove the frame head 
cover, the cotterpin, plate and cover It will then be 
possible to turn the adjusting screw 2 until the correct 
clearance is obtained with the handbrake fully released. 
There should then be free play of approximately half a 
notch before the handbrake lever starts to move the cables. 

On cars after 1956 with hydraulic brakes, adjust as 
shown in FIG 10:9. On early cars remove the ring 
round the rubber boot at the lower end of the handbrake 
lever and peel back the boot to expose the adjusting 
screws. On recent cars the screws are accessible through 
slots in the boot. Clear the screws and loosen the locknuts 
then jack-up the rear wheels. Tighten the adjusting screws 
so that the wheels are still free with the handbrake 
released. Pull the lever on two notches and check that 
there is equal resistance to turning the rear wheels. 
At four notches the wheels should be immovable by hand. 
Tighten the locknuts and replace the boot. On recent 
models the cover flaps for the slots in the boot must be 
pushed inwards. Check the adjustment after a road test. 

10:3 Servicing master cylinder 
Removing master cylinder: 

The master cylinder is mounted in front of the pedal 
cluster. Disconnect the stoplight cable from the switch 29 
in FIG 10:10. Remove sealing plug 26 and pipeline from 


reservoir. Disconnect the three brake pipes from the front 
end of the cylinder and plug the pipes carefully. Bleed 
screw valve caps make useful plugs. Disconnect the 
pushrod 40 from the brake pedal, loosen the brake pedal 
stop plate and remove the pushrod. Do not attempt to 
alter the length of the pushrod unless the clearance at A 
is incorrect on early models. 

Remove the flange bolts and take out the master 
cylinder from the front. 

Replacing master cylinder: 

Replace the distance tubes in the front crossmember. 
Check the pushrod against FIG 10:11. On the earlier 
type shown in the upper view the distance from the 
spherical end to the face of the hexagon nut should be 
2.05 to 2.09 inches. The type shown in the lower view 
must not be altered and if a new rod is fitted the length 
indicated must be made the same as the old one. Install 
the master cylinder complete with pushrod and boot. 
Bolt the cylinder in place and reconnect the pushrod. 
On later models, always fit a new lockplate to the push- 
rod pin. 

The next step is to ensure that there is .04 inch of free 
play between the spherical end of the pushrod and the 
bottom of the recess in the master cylinder piston as 
indicated at A in FIG 10:10, when the brake pedal is 
at rest. Adjustment is made by moving the pedal stop 
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plate. As the clearance is difficult to check at the pushrod 
end, it is sufficient to arrive at a free movement of the top 
of the brake pedal pad of approximately ^ inch. After¬ 
wards, check the clutch pedal free play as outlined m 
Chapter 5. Connect up the pipelines and the stoplight 
cable, fill the reservoir with fluid and bleed the brakes 
Test on the road and check the stoplight. 

Dismantling and reassembling master cylinder: 

These instructions apply to all models, but those with 
duel braking systems wifi need to refer to FIG 10:12 to 
identify the extra parts. 

The essential point when dealing with ail 
internal parts of the hydraulic system is to 
maintain absolute cleanliness of the components 
and the fluid. The efficiency of the rubber sealing cups 
is dependent on such cleanliness, as grit will destroy the 
sealing effect and may permanently score the cylinder 
bores, Any leaks in the hydraulic braking system can be 
dangerous. When cleaning all parts use only clean 
brake fluid or methylated spirits; any other 
solvents may cause a breakdown of the rubber 
cups. 

Dismantle the master cylinder as follows: 

1 Remove the rubber boot 27 and prise out the locking 
ring or circlip 41. 

2 Remove the stop washer 28 and shake out the piston 
37, followed by spring 32 and check valve 31. The 
check valve differs on some models and earlier types 
may have a flanged metal cup with an internal rubber 
valve and there will then be a rubber seating washer at 
the bottom of the bore. This can be removed. 

3 On cars with dual braking system, remove stop- 
screw 21 in FIG 10:12 and then extract all the internal 
parts In the order shown . 

Clean and examine all the parts for wear and deteriora¬ 
tion. In FIG 10:10 will be seen a small port 33 in front 
of the primary sealing cup 36. This must always be 
uncovered when the piston is fully retracted to enable 
fluid from the reservoir to recharge the system if necessary. 
Check that the port is clear and free from burrs. There are 
two ports in the master cylinder of a dual braking system. 
The piston(s) must be a suction fit in the master cylinder 
bore when clean and dry. 

Always renew the rubber sealing cups on the piston(s) 
and the seating washer for the earlier check valve. 
Renew the check valve if there has been faulty operation. 
The parts are available in kits. Note that all the cups can 
be interchanged on the dual system with the exception 
of the cup for the rear circuit piston. 

Reassemble the parts in the correct order, coating the 
pision(s) with genuine VW Brake Cylinder Paste. 
Be careful not to trap or turn back the lips on the cups. 
See that the circlip seats properly. Or> dual circuit master 
cylinders, place the cup washer, support washer, spring 
plate and spring on the front piston. Hold the cylinder 
with open end down and feed in the parts so that they do 
not fall off. To the rear piston fit the cup washer, primary 
cup, support washer, slop sleeve, spring and stroke- 
limiting screw and insert into cylinder, Fit stop washer 
and spring ring. Use the pushrod to press the front piston 
forward, well clear of the hole for the stopscrew, which 


FIG 10:4 Setting cable clearance on mechanically 
operated brakes 


FIG 10:5 Adjusting shoe clearance on mechanically 
operated brakes 

can then be fitted complete with sealing washer. Install 
stoplight switches and tighten to 11-14 lb ft. Fit the 
rubber boot with the breather hole underneath. 

The residual pressure valves 19 which are,shown in the 
illustration are used on systems which have drum brakes 
all round. They are fitted to maintain some pressure in 
the system. 
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FIG 10:6 Master cylinder fluid reservoir in front 
compartment 



FIG 10:7 Adjusting shoe clearance through backplate. 
Earlier vehicles were adjusted through drum 


Note that, on some models, master and wheel 
cylinders may be of two different makes. Look for 
marks ATE or S and obtain spare parts with the correct 
marking. 

10 :4 Removing drum brake shoes 
Front shoe removal: 

1 Jack-up the front end and remove the wheels. Remove 
the hub caps, noting that it is necessary to remove the 
cotter pin which passes through the squared shaft of the 
speedometer drive before the front lefthand cap can 
be prised off. 


2 On earlier models, unscrew the locknut, remove the 
lockplate and then the inner nut and thrust washer. 
Later n odels have a nut which is fitted with a clamping 
screw. Slacken the screw and remove the nut. The 
lefthand axle has a lefthand thread. 

3 Back off the brake shoes before pulling off the drums. 
Brush dirt from inside the drums and examine for wear. 
Worn drums can be reground by VW agents and over¬ 
size brake linings must then be fitted. Attend to the 
hub bearings as instructed in Chapter 8. 

4 Although FIG 10:3 shows the rear brake, front shoe 
details are much the same, with the exception of the 
handbrake fittings. First remove the locating springs 
and washers 13 by pressing and turning through 
90 deg. Remove the pins. Remove the lighter return 
spring 12 and pull one shoe outwards until it is 
released from the slot in the adjusting screw 3. The 
shoe can then be released, which will make it possible 
to remove the second shoe. Take particular note of the 
way the return springs are fitted. 

5 Brake linings are due for renewal if they are down to 
.1 inch thickness. It is not advisable to try rivetting on 
linings oneself, as replacement shoes have linings 
which are accurately bedded to the shoes and are 
concentric to the drums. Never renew one set of 
linings alone and make sure the material of the 
linings is the same on all four brakes. 

6 While the shoes are off, make sure that the brake pedal 
cannot be depressed. If the wheel cylinders are not to 
be dismantled, put a clamp or a loop of wire over the 
pistons 10 to ensure that they cannot be ejected by 
use of the brake pedal. Another method is to put a 
clamp on the flexible hose behind each brake 
backplate. 

7 When replacing the shoes, be careful to fit the return 
springs correctly. Fit one end of the lower spring only, at 
first. Fit the stronger return spring at the cylinder end as 
shown in FIG 10:2. Shoes which are notched near 
the spring holes must be fitted with the notches at the 
cylinder end. 

8 Fit the shoes into the slots In the pistons and then into 
the slots of the adjusters. Check that the angled ends 
of the shoes and the adjusters coincide and line up with 
the dotted lines drawn on FIG 10:3. Hook the 
return springs in from the front and make sure that 
they do not contact other parts. 

9 Fit the retainer pins and locating springs and washers, 
and centralize the shoes. Check the oil seal and grease 
the hub and bearings according to Chapter 8. Fit the 
t>rake drum and adjust the wheel bearings. Adjust the 
brakes and then bleed the system as instructed in 
Section 10:12. 

Rear shoe removal: 

Before starting on this operation the owner must 
realise that the rear axle nuts are tightened to a torque of 
217 lb ft. It is dangerous to try to loosen these nuts 
with the vehicle on jacks or trestles. Always 
slacken and tighten the nuts when the vehicle is 
on the ground. 

1 After slackening the axle nuts, lift the rear of the vehicle 
and remove the wheels. Release the handbrake and 
back off the shoe adjusters. Remove the axle nuts and 
brake drums. 
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2 Remove the springs and cups 13 in FIG 10:3 and then 
the retaining pins. Unhook the lower return spring on 
cars. Unhook brake cable 22. 

3 Pull the shoes outward to remove them from the 
adjuster slots and lift them away complete with lever 
and pushrod 19. 

4 On all models put a clamp of wire loop over the 
pistons 10 so that they cannot be ejected by pressing 
the brake pedal. Alternatively, put a clamp on the 
flexible hose behind the backplate. 

5 The handbrake lever can be detached if necessary by 
removing the anchor pin circlip 

6 Clean all parts and check linings and drums for wear. 
Have the drums reground by a VW agent if badly 
scored or out of true. Fit the same type of lining 
material to both brakes. Do not fit new finings to one 
side only. Refer to the preceding instructions for front 
brakes. 

7 Replace the shoes in the reverse order, fitting the 
return springs correctly and making sure they cannot 
contact other parts. Make certain that the shoes and 
angled slots in the adjusters line up as shown by the 
dotted lines in FIG 10:3. 

8 Fit the drums and nuts but do not tighten fully until 
the vehicle is standing on the ground. Then tighten the 
axle nuts to a torque of 217 lb ft. If the cotterpin holes 
do not line up, tighten still further. Do not slacken off. 
Adjust the foot and handbrakes and bleed the system 
as described in Section 10:12. Carry out a brake 
test on the road. 

10:5 Removing and servicing wheel cylinders 

If wheel cylinders need renewal make sure that each 
replacement cylinder has the same bore as the original 
one. 

To remove wheel cylinders proceed as in the previous 
section on removing brake shoes. When the shoes are off, 
disconnect the flexible hoses as outlined in Section 10:7. 
Remove cylinder mounting and bleeder screws and take 
away the cylinders. 

Service each cylinder by cleaning the exterior 
thoroughly. Using every care to maintain all internal parts 
in a state ot absolute cleanliness, remove the dust- 
excluding boots and withdraw both pistons with pushrods 
10 in FIG 10 :3. Take out the cups 8. the cup expanders 7 
and the spring 6. Clean the parts in methylated spirit 
or clean brake fluid and no other. When dry and 
clean, the pistons must be a suction fit in the cylinder. 
Always renew the rubber cups. Renew the cylinder and 
pistons if worn or scored. 

Reassemble in the reverse order, coating the pistons 
with genuine VW Brake Cylinder Paste. When fitting the 
rubber cups be careful not to trap or turn back the lips. 
Connect up the hoses in the manner described in 
Section 10:7. Adjust and bleed the brakes and test on 
the road. 


10:6 Dismantling drum brakes 

Follow the instructions in preceding Sections 10:4 
and 10:5. After the wheel cylinder is removed from a 
■ront brake, unscrew the adjusting screws and nuts and 
■emove the leaf spring clicker. Remove the three back- 
alate mounting bolts and lift the backplate away. 



fig 10:8 Arrow indicates correct clearance of .04 inch 

between handbrake pushbar 3 and footbrake pushbar 1 
on mechanically operated brakes. 2 is the adjusting nut 



FIG 10:9 Adjusting handbrake cables on cars 


10 remove a backplate from the rear axle, remove the 
brake cable retainer. Remove the adjusting screws and 
nuts. Take off the leaf spring clicker. Remove the four 
bolts from the bearing housing cover round the axle shaft 
and pull off the backplate. 

When replacing a front backplate, clean the contact 
surfaces of plate and stub axle. Tighten the mounting 
bolts to 29 to 32 lb ft. Tighten the wheel cylinder mounting 
bolts on recent models to a torque of-40 to 42 lb ft. 

Replace the backplate on the rear axle but clean 
all the contact surfaces first. Before fitting the bearing 
housing cover check the oil seal and bed it correctly in its 
recess. Renew both gaskets for the cover and spacer. 
The oil drop lug on the housing cover must point down¬ 
wards. Tighten the mounting bolts To 29 to 32 lb ft. The 
adjuster screw leaf spring can be set slightly if more 
tension is required. Apply some universal grease 
sparingly to the adjuster threads. When fitting the brake 
drum check the position of the oil deflector. 

Finally, adjust all brakes, bleed the system and test on 
the road. 





FIG 10:10 Section through master cylinder. When at rest there must be clearance at A between pushrod 40 and 
piston 37 

10:10 24 Cap 25 Fluid reservoir 26 Supply pipe sealing plug 27 Boot 28 Piston slop washer 

29 Stoplight switch 30 Master cylinder 31 Check valve 32 Spring 33 Small bypass port 34 Washer 
35 Piston washer 36 Primary cup 37 Piston 38 Intake port 39 Secondary cup 40 Pushrod from brake pedal 
41 Circlip 


10:7 Brake hoses and pipelines 

Brake hoses must not be painted or left in 
prolonged contact with oil, grease, paraffin or fuel. 

To remove a hose, take off the wheel. Unscrew the 
union nut securing the metal pipeline at the inner end, 
release the retainer and pull the hose from the bracket. 
Unscrew the hose at the backplate. On rear hoses release 
the union nuts at both ends. 

Fit hoses with the axles free from load. Most failures 
are due to twisting when installing or to chafing 
against nearby objects. It Is most important to ensure 
that neither of these defects can affect braking safety. 

Install each hose without iwist so that it hangs down. 
Check that the hose cannot be strained at any steering 
angle or position of the suspension. It must not chafe 
against any part of the car when the vehicle is under way 
with the suspension moving up and down to the fullest 
extent. Tighten the hose and union hexagons to a torque 
of lOtoUlbft. 


Brake pipelines are of -j^ inch steel tubing and are 
subject to corrosion and to damage by stones after long 
periods of use. Check all sections and renew any which 
are faulty. The ends are double flared. Moisten these 
flares with a little brake fluid before tightening the union 
nuts. Check that the pipes are firmly clipped to the 
chassis. 

10:8 Disc brakes 

Originally fitted to the front wheels of the Karmann 
Ghia cars, these were then introduced on the front wheels 
of 1500 ‘Beetles' in August 1966. Both single and dual 
braking circuits have been used, the master cylinder 
arrangements being the same as those used for drum 
brakes. To service the rear drum brakes and the hydraulic 
circuits the owner should refer to Sections 10:2 to 10:7. 

The construction and operating principles of the disc 
brakes can be followed by referring to FIG 10:13. 
Note, however, that one type of brake is fitted with pads 9 
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having one lug for a single retaining pin 1. This means 
that spreader spring 10 has been changed in design and 
the shape and fitting of retaining plate 8 has been 
modified. None of these changes affects the following 
notes on the operation of the brakes. 

The brake disc 13 revolves between a caliper assembly 
consisting of housings 3 and 12 bolted together. Each 
housing has a cylinder bore fitted with a piston 5 bearing 
on the back of a friction pad 9. A seal 4, fitting in a groove 
in each cylinder bore, surrounds each piston to prevent 
leakage of fluid. It also acts as a piston return spring as 
seen in FIG 10:14 where it is shown deflected under 
braking and returning to its normal shape when braking 
pressure is released. This action retracts the piston a small 
amount to give a little clearance between the friction pad 
and the disc. This clearance is maintained at all times and 
means that disc brakes do not require adjustment for wear 
of the pads. A bleed screw 14 enables air in the system to 
be eliminated. FIG 10:15 shows how the caliper is 
mounted on the stub axle unit. 

10:9 Disc brake maintenance 

The only routine maintenance required is a check on the 
thickness of the friction pads at least every 6000 miles 
and renewal if the friction material is less than 2 mm or 
^ inch thick. The spreader spring must be renewed at 
the same time and the parts are available in kit form. 

To remove the pads, remove the wheel and clean the 
caliper housing, particularly round the area of the pads. 



FIG 10:11 Earlier master cylinder pushrod at top. 
Length A Is given in text. Later type of pushrod below. 
Length A must be transferred to replacement rod 


With a suitable pin punch, knock out the retaining pin(s) 1 
from the outside face of the caliper. Remove spreader 
spring 10 and scrap it. Use a stout wire hook to extract 
the pads. As each pad is removed scratch it on the back 
with symbols to denote which brake it came from, right- 
hand or lefthand, and whether it is an inner or an outer 
pad. This will ensure correct replacement if the original 
pads are to be used again. Clean out the slots in the 
caliper, but do not use a screwdriver to dislodge dirt. 

Before either old or new pads can be fitted, the pistons 
5 must be pushed back in the bores. This raises two 
problems, The first is that fluid will then rise in the master 
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FIG 10:12 Components of dual-circuit master cylinder 


Key to Fig 1012 1 Pushrod 2 Boot 3 Circlip 

6 Piston for rear circuit 7 Cup washer 8 Primary cup 

11 Spring for rear circuit 12 Stop sleeve 13 Stroke limitiiig screw 

16 Spring for front circuit 17 Master cylinder 18 Stoplight switch 
21 Stop screw 22 Washer for plug 


4 Stop washer 5 Secondary cup 

9 Support washer 10 Spring washer 

14 Seal 15 Piston for front circuit 

19 Residual pressure valve 20 Sealing plug 
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?0°mly dknnThapr'' ^ =='"9'" P'" ■• ■ ^he™ may be no pin 2 and parts 8 and 


Key to Fig 10:13 
5 Caliper piston 
11 Fluid channel 0- 


1 Friction pad retaining pm 
6 Outer seal 7 Spring ring 
ring 12 Outer caliper housing 


^ Inner caliper housing 
P'3^® 9 Friction pad 

13 Brake disc 14 Bleed screw 


4 Rubber seal 
10 Spreader spring 


cylinder reservoir in the front compartment. If the 
reservoir is full, syphon some fluid off, not by mouth 
suction because the fluid is poisonous, but by a flexible 
squeeze bottle and a piece of tubing. Keep the bottle 
exclusively for this purpose and no other. The second 
problem is to press the pistons back into the bores 
without damaging seals and piston or bore surfaces. 
A wooden lever carefully shaped might be used, or a 
clamp adapted for the purpose. Do not use sharp-edged 
screwdrivers or other such tools. 

Now remove the piston retaining plates 8 and clean the 
pad contact surfaces of the caliper housings with 
methylated spirits. Do not use other solvents such as fuel 
which could damage the rubber seals. The outer seal 6 
may be found to have deteriorated after a long period of 
use. This can be renewed by following the instructions 
in Section 10:10. 

To install the pads, first fit the retaining plates 8. 
The modified design of plate is much simpler than the one 
shown but the angled edge is a feature of both types. 
This angled edge must be upwards as shown, and must 
fit snugly in the piston cutaway. The lips must fit firmly 
into the recess in the piston. Old pads will probably be all 
right, but check that new ones slide freely in the caliper 
housings, A touch with a file will help to ease tight pads. 

Fit the pads and start the retaining pin(s) in the holes 
Fit the spreader spring and drive the pinCs) home using a 
hammer and not a pin punch to avoid damage to the split 
retaining sleeves. Depress the brake pedal hard before 
using the car on the road. This will settle the pads with 
the correct clearance, Then check the fluid in the master 


cylinder reservoir and top up if necessary. 


10 ; 10 Disc brake servicing 
Removal: 

1 Let the unit cool down before starting work. Remove 
the caliper as a unit and never try to separate the 
housings. 

2 Remove the wheel, disconnect the flexible hose at the 
inner end and plug the metal pipeline. The bleeder 
screw cap will do. 

3 Bend up the lockplate and remove the two securing 
screws arrowed in FIG 10:15. Scrap the screws and 
lockplate. Lift off the unit. 

Checking disc runout: 

This can be done by removing the friction pads. First 
check and adjust the front wheel bearings if necessary. 
Clamp a dial gauge to the caliper unit so that it can be 
brought to bear on the surface of the disc near the outer 
edge, but on the working face. Turn the disc slowly 
without pushing it in and out or rocking it. The maximum 
permissible runout is .008 inch. Fit a new disc if this 
runout IS exceeded or if the working faces are deeply 
scored or cracked. Carry out a road test. 

Installing caliper unit: 

1 Make sure the mounting surfaces are clean and the 
splash shield is undamaged. Adjust the front wheel 
bearings if necessary. 
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2 Secure the caliper unit in place with new screws and 
lockplate and lighten to 42 lb ft. The screws must be 
genuine parts of K10 grade. The bleed screw 14 must 
be at the top. Lock the screws. 

3 Connect the flexible hose, bleed the brakes as in 
Section 10:12 and replace the dust cap on the 
bleed screw. Depress the brake pedal hard, several 
times, and then carry out a road test 

Master cylinder: 

The one fitted to cars with disc brakes has a slightly 
modified check valve to ensure that the system has a 
little residual pressure at the moment after the pedal is 
released. A drilling In the valve then allows the pressure 
to drop, because disc brake systems must be free of 
pressure when at rest. Master cylinders fitted with this 
type of check valve are marked with a blue strip bearing 
the words ‘Anschlub mit Speziai-Bodenventil'. 

10 :11 Dual braking system 

Servicing the dual braking system master cylinder has 
been covered in Section 10:3 and FIG 10:12 shows 
the parts exploded This system is fitted to recent 
Karmann Ghia and 1500 'Beetle' models. The object is 
to provide the maximum safety in a hydraulic system of 
braking. This is done by separating the front and rear 
brake circuits and supplying pressure to each by separate 
sections of the dual master cylinder. 

FIG 10:16 shows the action diagrammatically. The 
first view shows the master cylinder supplying the needs 
of both circuits. The middle view shows what happens 
when the front brake circuit fails through leakage. 
The floating piston A is pushed fully to the left by the 
fluid between the pistons, so that it cannot force fluid 
into the faulty circuit. The rear circuit continues to 
function with an increase in pedal travel. The view on the 
right shows the action when the rear brakes develop a 
leak. Piston B moves to the left until it contacts piston A 
which then provides fluid pressure to the front brake 
circuit. The brake pedal pushrod is on the extreme right 
Note how the fluid reservoir is divided into two compart¬ 
ments so that loss of fluid in one circuit does not mean 
failure in the other one. 

10:12 Bleeding the brakes 

The following method will apply to all hydraulic 
systems. Use FIG 10:15 for reference purposes. 

The operation is necessary when there is air in the 
system because air is compressible and it will give a 
'spongy' feeling to the brake pedal, which may also have 
excessive travel. Whenever any work is done on the 
braking system which calls for removal of the hoses, pipe¬ 
lines or cups from the wheel cylinders, then air will enter. 
This is bled out of the system in the following way: 

1 Secure the services of a second operator. Have ready 
an extra supply of clean brake fluid of the correct grade. 
This must be either genuine VW or Lockheed Brake 
Fluid. Remember that fluid will be used from the 
reservoir shown in FIG 10:6 and the level must be 
maintained throughout the operation. If the level falls 
so low that air can enter the master cylinder then the 
whole process must start from the beginning again. 

2 Provide a clean glass container and a length of tubing 
which will fit over the bleed screw. The location of the 



FIG 10:14 Disc brake piston at rest on -left. Brake 
applied on right. Note how square-sectioned rubber seat 
is deformed. When brake is- released seal returns to 
normal shape to retract piston 



FIG 10:15 Bleeding a brake system. Tube connects 
bleed screw to liquid in container. Unscrew bleed screw 
with spanner. Arrows indicate securing bolts 


bleed screw for disc brakes can be seen in FIG 10:15. 
On drum brakes it is close to the union where the hose 
or pipeline enters the wheel cylinder, behind the 
backplate. Remove the bleed screw caps. 

3 Start with the brake which is farthest from the master 
cylinder. Fit the tubing to the bleed screw and immerse 
the free end In a small quantity of fluid in the jar. Open 
the bleed screw about one turn. 

4 The second operator must now depress the brake pedal 
quickly for a full stroke and allow it to return slowly. 
Air bubbles will stream from the immersed end of 
the tubing. 

5 When air bubbles no longer come out, ask the second 
operator to hold the pedal down at the end of a full 
stroke while the bleed screw is tightened. Repeat the 
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trfnsmittL tn ^ ^ ^ braking system. On left, movement of piston B by brake pedal is 

piston A by fluid between. Fluid under pressure flows to three outlets, two on the left to front brakes 
brakes. Central view shows failure In front brake circuit, piston A moves to stop on left, piston B 
front1:1?c^uit only circuit. On right, failure of rear brake circuit, piston B contacts piston A to provide pre^Lsure to 



FIG 10:17 Handbrake lever assembly. Top arrow shows 
segment slot engaging pivot pin bush. Bottom arrow 
shows notch in segment engaging edge of frame 
aperture 

Key to Fig 10:17 1 Handbrake lever 

2 Push button control rod 3 Compensating lever 

4 Handbrake cable 5 Ratchet segment 6 Pawl 

7 Pawl pivot pin 8 Frame 9 Lever pivot pin 

10 Cable guide tube 


process on all the other brakes In turn. Fit the caps to 
the bleed screws to exclude dirt. Check the fluid level 
in the reservoir. 

It is not advisable to use the fluid in the jar for topping 
up. It will be aerated and may not be perfectly clean. If it is 
known to be clean it may be used again after it has been 
standing for twenty-four hours. Never leave brake fluid 
uncovered, as it will absorb moisture. 

10:13 The handbrake 
Removing lever: 

Refer to FIG 10:17. Take out the front seats and rear 
floor covering. Pull off the lever cover. Remove the nuts 
from the cable ends 4 and lift off the compensating lever 3. 
Remove circlip and push out lever pivot pin 9. Without 


pressing the release button move the lever rearwards 
until it can be lifted out complete with ratchet segment 5. 
Now press the button to release the segment. If the lever 
is dismantled, clean all the parts, renewing any which are 
worn and then reassemble with grease. 

Installing lever: 

Fit the half-round slot in the segment over the tube in 
the lever which takes the pivot pin as shown by the top 
arrow in FIG 10:17. The teeth of the pawl should 
engage properly and the rounded end must be positioned 
in rod 2 as shown. Fit the lever from above while steering 
the cables into position. Take care to engage the slot in 
the segment with the edge of tunnel 8 as indicated by the 
lower arrow. Install the lever pivot pin with a little grease 
lubrication. Remember to fit the circlip. Fit the com¬ 
pensating lever, attach the cables, adjust the brakes and 
lock the nuts. Replace the cover, the rear floor covering 
and the seats, then road test to check the handbrake. 


The handbrake cables: 

These can be removed after the rear wheels and brake 
drums have been removed as instructed in Section 10 :4. 
Remove the cable from the handbrake lever. Remove the 
rear brake shoes, detach the cable, remove the cable 
retainer from the backplate and pull the cable out of its 
guide tube from the front end. To install a new.cable, 
check the length against the old one. Use Universal 
grease on the cable before pushing It into the guide tube. 
When all operations are completed, check the action of 
the handbrake on the road. 

10:14 Fault diagnosis 
(a) 'Spongy' pedal 

1 Leak in the system 

2 Worn master cylinder 

3 Leaking wheel cylinders 
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4 Air in the fluid system 

5 Linings not firmly bedded to shoes 

6 Insufficient fluid in reservoir 

(b) Excessive pedal movement 

1 Check 1, 4 and 6 in (a) 

2 Excessive lining wear 

3 Too much free movement of pedal 

4 Check valve in master cylinder defective 

5 Linings excessively worn, clearance needs adjusting 

(c) Brakes grab or pull to one side 

1 Distorted discs or drums 

2 Wet or oily pads or linings 

3 Brake backplate loose 

4 Worn suspension or steering connections 

5 Mixed linings of different grades 


6 Uneven tyre pressures 

7 Broken shoe return springs 

8 Seized cable 

9 Seized wheel cylinder piston 
10 Loose caliper fixings 

(d) Pedal must be pumped to get braking 

1 Air in system 

2 Check valve In master cylinder faulty 

3 Weak spring in master cylinder 

(e) Brakes get hot when not used 

1 Small drilling in master cylinder blocked by main cup 

2 No free play of master cylinder pushrod 

3 Weak or broken shoe return springs 

4 Tight wheel cylinder pistons 

5 Rubber cups swollen due to wrong brake fluid 
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CHAPTER 11 

THE ELECTRICAL SYSTEM 


11 :1 Description 

11:2 Battery maintenance 

11 :3 Generator maintenance 

11 :4 Generator and regulator testing 

11 :5 Removing and installing generator 

11:6 Generator servicing 

11:7 Starter motor description and maintenance 


11 :1 Description 

A 6*volt electrical system was used on all 'Beetle' and 
Karmann Ghia models until late 1966. During 1967 there 
was a steady changeoverto a 12-volt system on all models 
with the exception of the '1200' which remained at six. 

Although the basic function of all the components has 
been much the same throughout the years, there have been 
so many small changes in design that It would be 
impossible, in the space available, to cover every one. 
There is an added complication that generators and 
starters of Bosch or Volkswagen manufacture have been 
fitted alternatively. Fortunately, the genera! instructions 
we are able to give will cover both types reasonably well, 
and a little observation of the components when dis¬ 
mantling will enable any normal owner to service his 
equipment without serious difficulty. 

The battery is charged by controlled output from the 
belt-driven generator, the controlling unit being a 
regulator. This regulator is sealed and must be 
renewed or adjusted at an official Service Station 
if faulty. It is mounted on the generator on all models 
until the advent of the 12-volt system, after which, from 
August 1966, it will be found under the rear seat. 


11 :8 Starter motor servicing 

11:9 Starter motor assembling 

11 :10 Headlamp servicing and adjustment 

11 :11 Fuses and warning lights 

11 :12 Direction indicators and flashers 

11 :13 Horn and windscreen wipers 

11:14 Fault diagnosis 


The starter motor is mounted on the transmission casing 
and its shaft carries a sliding pinion. The pinion is moved 
into mesh with the ring gear on the flywheel by a solenoid 
and lever which come into action as soon as current is 
supplied. When the pinion is fully engaged, the starter 
circuit is completed and the flywheel is turned. When the 
engine fires, an overrunning clutch prevents the pinion 
from being spun too fast and a spring returns it to rest. 

Most headlamps have been of the renewable bulb type, 
but recent models are equipped with sealed beam units. 
Early direction indicators were of the swinging arm type 
but flashers are now standard. An electric windscreen 
wiper is fitted. 

Instructions for electrical tests are given for the benefit 
of the owner who can use accurate test meters and there 
are some mechanical faults which can be rectified by a 
reasonably skilled person. Wiring diagrams are included in 
Technical Data at the end of this manual. 

11:2 Battery maintenance 

The negative terminal of the battery is earthed. The 
terminals and cables must be clean and dry. Brush away 
all corrosion, scrape the terminals and cable clamps to a 
bright metal surface and coat them with petroleum jelly 
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FIG 11:1 Components of a typical Bosch generator with regulator mounted on body 


Key to Fig 11 :1 1 Field coil 2 Insulating strip 3 Screw 4 Cable 5 Insulating bush 6 Key 7 Screw 

8 Lockwasher 9 Body or frame 20 Drive end plate 30 Commutator end plate (with parts 31 to 36) 31 Carbon brush 

32 Brush spring 33 Screw 34 Lockwasher 36 Cable 45 Screw 50 Armature (with parts 51 and 53) 
51 Ballbearing 53 Bearing retainer 56 Woodruff key 90 Regulator (with parts 91 to 93) 91 Screw 

-92 Spring washer 93 Terminal bracket 100 Terminal assembly 101 Armature assembly 


before refitting. Make sure the battery is securely 
clamped. 

Heavy demands are made upon a battery, particularly 
in the winter, and periodic attention is essential. On 
'Beetles’ the battery will be found under the rear seat. 
On Karmann Ghias the battery is in the rear compartment 
on the righthand side. 

With the cover removed, check the level of the 
electrolyte and top up if required, using distilled water. 
Some batteries have indicators. On those without, top up 
to a level slightly less than ^ inch above the plates. 
Never add neat acid, and only top up with dilute 
sulphuric acid if some has been lost by spilling. To prepare 
the electrolyte, add sulphuric acid very slowly to distilled 
water. Never add water to acid as this is highly 
dangerous. Stir the liquid and test with an hydrometer 


until the specific gravity is 1.285 when cool. Do not use 
rainwater or tap water. 

The state of charge of the battery can be checked with 
the hydrometer, Remove the filler plugs and use the bulb 
to suck up enough electrolyte to lift the float. When fully 
charged the reading should be 1.285, when half- 
discharged 1.20 and when fully discharged 1.12. 
A discharged battery must be recharged at once. 
Never leave a battery in a discharged condition or it will 
become sulphated. If it is to be left unused for long 
periods, give it a freshening charge every six weeks. 

Testing each celt with a voltmeter is not a real test of a 
battery. This method is only satisfactory if it is done while 
the battery is made to deliver a heavy discharge, and most 
garages have suitable equipment. The voltage of all cells 
should be 2. Any celhwhich is .2 volt less than the average 
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is probably defective. If the voltage drops below 1.6 volts 
during a heavy discharge test, the battery is discharged. 
Charge again at a rate which is 10% of the capacity. 
A 66 amp/hr battery will-thus be charged at 6.6 amps. 
Remove all the filler plugs and keep naked lights away. 
Rapid charging of a sound battery is permissible in an 
emergency, but it is not recommended at frequent 
intervals. 

Remove the negative cable from the battery when 
working on the cables of the electrical system. Short 
circuits may cause serious damage, particularly if there is 
spilled fuel about. 

11:3 Generator maintenance 

There is no provision for regular lubrication. The ball¬ 
bearings are packed with high-melting point grease, 
Repack with fresh grease during a major overhaul, say 
at 20,000 mites. Never use ordinary grease. 

Routine maintenance is confined to examination of the 
brushes and to the adjustment of the driving belt as 
instructed in Chapter 4. 

Brushes: 

To check the brushes remove the cover(s) from the rear 
end of the generator body. This will reveal the apertures 
at the righthand end of body 9 in FIG 11 :1. Through these 
will be seen the brushes 31 and springs 32. Hook up 
the springs with a piece of bent wire and pull the brushes 
out of the holders. Try to keep them the right way round 
for correct replacement. It is possible that the latest models 
may not have a cover band. 

The brushes must slide freely in their holders. If, after 
cleaning with a fuel-moistened rag, a brush still sticks, 
ease the sides by rubbing on a smooth flat file. If the 
brushes are soaked in oil or are so worn that they no 
longer bear on the commutator, they must be renewed, 
A very short brush also leads to low spring pressure. 
If the springs are weak they must be renewed. Check the 
condition of the commutator and recondition it as follows: 

Commutator; 

This is the segmented copper cylinder at the righthand 
end of part 50 in the illustration. The copper should be 
clean and smooth and the insulation between the 
segments must not stand proud or the brushes will not 
make electrical contact with the copper. If the commutator 
is only discoloured it can be polished by cleaning with a 
fuel-moistened cloth, pressing with a piece of wood. 
Then it should be rotated while holding a piece of very 
fine glasspaper in contact. Clean away all dust. 

If the commutator is burnt and obviously worn, the 
generator must be dismantled and the armature run 
between centres in a lathe. A light cut with a very keen 
tool should be taken, removing as little metal as possible. 
Finally polish with very fine glasspaper. Do not use 
emery cloth. After this, the insulation between the 
segments must be undercut as shown in FIG 11 :2. 
Grind the sides of a fine hacksaw blade until it is the 
width of the insulation then carefully cut between each 
pair of segments to a depth of approximately ^ inch. 

11 ; 3 Generator and regulator testing 

Visual indication of generator current is given by the 



FIG 11 :2 Undercutting commutator insulation with 
hacksaw blade ground to width between copper 
segments 


red warning lamp on the instrument panel. A burnt-out 
bulb can be renewed as shown in FIG 11 :15. 

Assuming that the bulb is working it should light up 
when the ignition is switched on and go out when the 
generator is charging the battery. If the bulb contines to 
glow even though the generator and regulator are known 
to be in order, there must be an excessive voltage drop 
between the regulator terminal B-j- and the bulb. Check 
the connections as follows: 

1 Run the engine at a fast-idle and switch on the head¬ 
lamps, screen wiper and Indicators, 

2 Connect a little over four yards of heavy insulated cable 
to terminal B-f on the regulator. Bare the insulation 
from the free end. 

3 With the help of an assistant to watch the warning 
lamp, contact the following points in sequence: 
Lighting switch terminal 30. Fuse box terminal 30. 
Ignition/starter switch terminal 30. Fuse box 
terminal 15/54. 

4 If the warning lamp stops glowing when one of the 
connections is made the poor connection causing the 
voltage drop lies between the last point of contact 
and the previous one. Look for loose connections, 
faulty cables and defective contacts in switches. 

If the warning lamp continues to light up with the 
engine running fast, test the generator as follows: 

Note that cables to the generator and regulator 
must not be connected or disconnected with the 
engine running. When the engine is stationary, dis¬ 
connect cable B+ or 51, as a shortcircuit will damage the 
regulator. Be careful not to interchange the cables to 
D-f- (or -f-) and F (or DF) as this will also damage the 
regulator. 

Note that even if the warning lamp goes out when 
engine speed rises, it does not guarantee that the 
regulator is in order or that the battery is being charged 
properly. 

Carry out the tests with two accurate moving-coil 
meters, a 0-30 voltmeter and a 50-0-50 ammeter. 

Testing no-load voltage: 

1 Disconnect the cable from terminal B-f- (or 51) on the 
regulator To the same terminal, connect the positive 
lead of the voltmeter and earth the negative lead of the 
meter. 










FIG 11:3 Checking generator output without regulator. 
Connect voltmeter between generator D+ and earth 



FIG 11 :4 Checking regulator operation independently 
of the state of battery charge 


2 Start the engine and Increase the speed until the needle 
no longer rises. On 6-volt systems this no-load voltage 
should be 7.4 to 8.1 volts, or 6 to 7 volts on early 
generators, Shut off and vi/atch the needle. Just before 
the engine and generator stop turning, the needle 
should drop suddenly to zero, indicating that the cut¬ 
out points in the regulator are opening correctly. If 
the cut-out points do not open the regulator will 
become very hot and the battery will become dis¬ 
charged through the generator. 

3 On 12-volt systems using regulator VA.14V.30A. a 
tachometer Is required as well as the meter. Use the 
greatest care not to shortcircuit the field coils when 
carrying out this test. Disconnect the two leads from 
the generator. Earth terminal DF. Connect the volt¬ 
meter across terminal D+ (or 61) and earth, start the 
engine and gradually Increase speed. With a cold 
generator running at 1450 rev/min the output should 
be 14 volts. Complete this test In a few seconds 
or the field coils may burn out. FIG 11 :3 shows 
how the connections are made. Do not alter the length 
of the wiring from regulator to generator as cable 
resistance is matched with the 'Variode' device in the , 
regulator. 

Checking charging current: 

1 Disconnect battery earthing strap. Disconnect cable 
from B+ on regulator. Insert an ammeter between the 
disconnected cable and the B-F terminal. Reconnect 
the battery strap. 

2 Run the engine at a fast-idle. Switch on the lights and 


other current users If the ammeter does not record on 
the positive side then the regulator is defective. 

3 Reduce engine speed slowly to idling and watch the 
meter needle. It should cross the zero mark to the 
discharge side. Just before the speed drops to idling 
the needle should flick back to zero, which shows that 
the cut-out points in the regulator have opened. If, with 
the engine stopped, a heavy discharge is still indicated, 
remove the battery lead at once as the battery is 
discharging through the generator due to the cut-out 
points being welded together. The regulator must then 
be serviced or renewed. This test does not show 
whether the current control of the regulator is correctly 
set for battery charging at the required rate. 

Checking regulator: 

This should form part of the generator tests, before the 
generator is removed for servicing. The initial instructions 
refer to the 6-volt regulator. 

Refer to FIG 11:4 when making the connections. 
Equipment required will be a 30-volt meter, a 50-0-50 
ammeter and an adjustable resistance capable of 
passing 50 amps. Carry out the test on 6-volt systems as 
follows, with the generator in the vehicle if desired; 

1 Use heavy cables which are as short as possible. 
Disconnect cable from B-h (or 51) terminal on 
regulator. Connect the resistance in series with the 
ammeter and a good earth on the generator. Make the 
best connections possible, as extra resistance will give 
faulty readings. 

2 Connect the positive terminal of the voltmeter to the 
same regulator terminal and earth the other side, 

3 Run the generator at approximately 4000 rev/min, 
remembering that this speed is not the same as engine 
rev/min, Set the resistance to show a reading of about 
45 amps on the meter. The voltage indicated should 
be at least 6 to 7.5 volts on the 6-volt system. Renew 
the regulator if the reading is not within the limits. 
Repair or adjustment is a Job for an authorized 
Service Station. 

On 12-voll systems the regulator is sealed and no 
attempt should be made to adjust it. Repair and adjust¬ 
ment must be left to an official Service Station. 
It is possible to make a simple test to determine whether 
the regulator is working if the generator and battery are 
known to be in good order. Remove the rear seat to 
reach the regulator. Connect a moving coil 20-volt meter 
across regulator terminal Bh- and a good earth. Battery 
voltage should be indicated. Run the engine and increase 
the speed. The meter reading should rise as the generator 
IS cut-in by the regulator, but only by a small amount. 

Repeating an earlier warning, connections to 
the generator and the regulator must be made with 
the engine stopped and cable B+ (or 51) dis¬ 
connected. A shortcircuit will make the regulator 
unserviceable, interchanging the cables to 0+ 
(or -F) and F (or DF), may affect the polarity of 
the generator. 

11 :5 Removing and installing generator 

On 6-volt generatprs disconnect the battery earthing 
strap and the cables to the regulator terminals. Release 
the regulator from the generator body. Disconnect the 
two cables D-f (or -F) and F (or DF) from under the 
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regulator. On 12-volt generators simply remove the two 
cables. 

On recent models remove the air cleaner and carburetter. 
Take off the fanbelt and remove the generator retaining 
strap. Remove the cooling air thermostat by undoing the 
screws with a socket inserted through the holes in the 
lower air deflector plate under the engine. Detach the 
warm air hoses from the fan housing, remove the two 
fan housing screws at the sides and lift the housing, 
referring to Chapter 4 if necessary. Remove the four 
screws from the fan housing cover and lift the generator 
and fan away. 

On early models proceed as above, but instead of 
removing the thermostat, remove the two screws fixing 
the air regulating ring to the bracket in front of the fan 
housing (see Chapter 4). Remove the ignition cables 
and conduit tube. Lift the fan housing slightly, remove 
the four fan housing screws and remove the generator. 
The paper gasket under the generator must be sound. 

Installing the generator: 

Reverse the removal Instructions. On early models the 
air regulating ring in front of the fan housing must be 
correctly centered (see Chapter 4). When the regulator 
IS mounted on the generator the thick cable from one of 
the brushes is connected to D-h (or +) under the 
regulator. The thin field coil cable must be connected to 
the F (or DF) terminal under the regulator. If a new 
regulator has been fitted without curing any defects in 
the system, the generator is at fault. Bear in mind, how¬ 
ever, that reversed generator leads may have reversed the 
generator polarity Refer to the next section on generator 
servicing for instructions on restoring correct polarity. 

11:6 Generator servicing 

Use FIG 11 :1 for reference purposes, The illustration 
shows the Bosch generator but the VW generator will be 
found to resemble it fairly closely. The most likely 
differences will be in the bearing assemblies, so'make a 
careful note of the sequence of circlips, washers, seals 
and spacers which will be found on the armature shaft 
or in the end covers. 

Note that the generator and regulator must both 
be of the same make. 

To dismantle a generator, do the following: 

1 Remove the driving pulley and the fan. Disconnect the 
field coil terminal 100 from the holder of the positive 
brush. 

2 Remove the two long through-bolts 45. Prise out the 
keys 56 and remove any burrs from the shaft of 
armature 50. Tap off the end cover 30. 

3 At the other end. tap off cover 20 which will bring the 
armature with It Check the position of the various 
washers, seals and spacers at the commutator end. 
Press the armature shaft out of the bearing in the end 
cover 20. 

4 To remove the bearing m the end cover at the fan end, 
remove the two screws from retainer plate 53. Clean 
all parts except the windings with fuel and dry 
thoroughly, preferably with compressed air. 

Check the condition of the brush gear and commutator 
as described in Section 11 :3. Inspect the field coils 
and connections for breakdown of insulation. Check the 
dry bearings for cracks, pitting or roughness when spun. 


Check the armature laminations for the bright marks of 
actual contact with the field coil polepieces. Never 
attempt to straighten a bent shaft or machine the 
armature laminations. Test the armature and the field 
coils. 

Armature testing: 

Badly burned spots between the commutator segments 
indicate broken windings. Shortcircuits can be checked 
on a device called a growler which is part of Service 
Station equipment. 

Field coil testing: 

Test coils 1 with a battery and test lamp, trying each one 
for an open circuit. Test for earthing by putting a 230-volt 
test lamp across one end of each coil and the body of 
the generator. 

Testing for a shortcircuit needs either an ohmmeter 
or an ammeter. Compare the readings of resistance, To 
use the ammeter connect a 6-volt battery in series with 
the meter and check the current consumption of each coil. 
If the difference is more than half an amp there is a short- 
circuit in one of the coils. 

Reassembling generator: 

Fill the bearings with high-melting point grease and 
no other. Reassemble in the reverse sequence to 
dismantling. 

It is possible for a generator to have reversed polarity 
due to crossed leads or shortcircuits. Before installing an 
overhauled generator, motor it for a short time, using a 
battery of the correct voltage. Connect terminal F (or DF) 
to earth, the positive terminal of the battery to D+ (or +) 
and the negative battery terminal to earth or D —. 

Fit the fan and cover so that there is the correct 
clearance given in Chapter 4. Tighten the fan nut to a 
torque of 40-47 Ibft. 

Starting with 1967 models the generator is cooled by 
air from the fan housing. The fan cover plate has a slot on 
the periphery for the cooling air Intake, and it is most 
important to fit this cover to the fan housing with the alot 
at the bottom. 

Finally, fit the pulley, adjust the belt tension and make 
the connections to the regulator. The red cable goes to 
terminal 51 and the blue cable to terminal 61. 

11 :7 Starter motor description and maintenance 

The starter motor is flange-mounted on the righthand 
side of the transmission housing. In the transmission 
housing is an outrigger bush for supporting the extended 
armature shaft. Starting in August 1966, the starter pinion 
was modified to mesh with a new flywheel ring gear with 
130 teeth instead of the original 109. The outrigger bush 
was also modified, having a bore which was reduced 
from 12.5 mm to 10.89 mm. On recent models there is a 
non-repeat lock in the ignition switch to prevent any 
attempt to actuate thg starter while the engine is running. 
Before the starter can be operated again the ignition key 
must be turned right off. As mentioned earlier there are 
both Bosch and VW starters fitted to the various models. 
FIGS 11 :5 and 11:6 show Bosch starters in exploded 
form. The pinion and solenoid assembly on VW starters 
will be found to be dWerent in design but similar in 
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FIG 11:5 Components of earlier Bosch starter motor In the FED series 

Key to Fig 11:5 1 Body or frame with commutator end bearing 2 Field cod 4 Screw for poleplece 5 Terminal assembly 

13 Insulating strip 20 Commutator end plate 21 Brush-holder 22 to 25 Parts securing positive brush-holder 

26 and 27 Parts securing negative brush-holder 28 Carbon brush 29 Screw 30 Lockwasher 31 Brush spring 
32 Commutator end bearing 40 Intermediate bracket 41 Hook bolt 42 Lockwasher 43 Nut 44 Drive engaging lever 
45 Bolt 46 Nut 47 Lockwasher 60 Driving pinion assembly 62 Bush for pinion 80 Armature 81 Stop-ring 
82 Circlip 83 Bush for transmission casing 84 Spring washer 85 Retaining washer 86 Insulating washer 

87 Insulating washer 88 Shims (three thicknesses) 89 Dished washer 90 Lockwasher 91 Nut 97 End cover 
98 Rubber gasket 99 Screw 100 Solenoid assembly (Including parts 104 lo 1 33) 101 Screw 102 Lockwasher 

104 Screw 107 Solenoid plunger 108 Gasket 110 Plunger return spring 111 Retaining disc 112 Link fork 
113 Lockwasher 114 Nut 115 Shim 116 Contact pressure spring 117 Washer 118 Insulating bush 
119 Contact bar 120 Insulating washer 121 Cup washer 122 Retaining ring 123 Gasket 

124 Switch cover (with parts 125 lo 132) 125 Insulator 126 Contact bolt 127 Insulating plate 128 Insulating washer 

129 Washer 130 Washer 131 Lockwasher 132 Nut 133 Cover rivet 
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FIG 11 :6 Components of Bosch starter motor in EEF series 

Key to Fig 11:6 1 Field coil 2 Insulating strip 3 Screw for polepiece 11 Intermediate bracket 

12 Bush for transmission casing 13 Pinion engaging lever 14 Screw 15 Lockwasher 16 Nut 20 Armature 
21 Shim 22 Packing ring 25 Pinion assembly (with bush 26) 27 Stop-ring 35 Commutator end bracket (with bush 36) 

38 Brush plate assembly 39 Carbon brush 40 Brush spring 41 Screw 42 Spring washer 43 End cap 

44 Screw 45 Washer 55 Solenoid assembly (with parts 55 to 58) 51 Screw 52 Screw 53 Lock plate 

55 Packing ring . 56 Switch cover 57 Screw 58 Lockwasher 59 Lockwasher 60 Nut 100 Kit of parts 


operating principles. If care is taken to note the sequence 
for removing the various shims, washers and locking 
rings from the armature shaft, there should be no difficulty 
in dismantling and reassembling either make. 

Routine maintenance: 

The plain bushes which are used as bearings do not 
require regular lubrication. When the starter is due for 
overhaul, the bush at the commutator end can receive 
attention and when the starter fs removed at any time, 
the outer bush in the transmission casing can be checked 
for wear and lubricated with grease. 

The brushes should be checked every 6000 miles. 
Remove the brush inspection covers on the VW starter or 
the end cover 35 In FIG 11:6 on the Bosch starter. 
Puli on the brush leads to check that the brushes 39 slide 
freely in their holders. Check the length of each brush. 
If the flexible lead is almost in contact with the metal 
brush-holder it is time for renewal. While the brushes are 
out. examine the commutator. If badly burned or worn it 
will be necessary to remov^the armature 20 to have the 
commutator skimmed. If the segments are just dirty or 
oily, clean them by rubbing a cloth dampened with fuel 


against them with a small piece of wood. Check that the 
springs 40 are not weak or broken. The renewal of 
brushes Is covered under 'Starter motor servicing'. When 
refitting the brushes into their holders, make sure the 
flexible connectors are so placed that the brushes can 
move freely. 

11:8 Starter motor servicing 
Removal: 

1 Disconnect the earthing strap from the battery. 
Disconnect cable from terminal 30 on the solenoid. 
Both starter motor illustrations show the terminal 
arrangements. 

2 Disconnect the cable from terminal 50 on the solenoid. 

3 Remove the bolts and nuts from the mounting flange 
and withdraw the starter. 

Dismantling (early type): 

Refer to FIG 11:6 and proceed as follows: 

1 Detach the connector from the solenoid switch. 
Remove screws 101, slightly withdraw the pinion and 
remove the switch. Remove end cover 97 and lift up 
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the brushes, trapping them clear of the commutator 
by letting the springs bear on their sides. 

2 Using soft jaws in the vice, clamp the pinion end of the 
armature shaft and remove nut 91 from the other end. 
Release nuts 43 from the hook bolts 41 and lift off 
the intermediate bracket 40 and the armature 80. 
Keep a careful record of the arrangement of shims and 
washers 84 to 90. 

3 Mount the armature in a vice, commutator end down¬ 
wards and tap stop ring 81 further on to the shaft with 
a hollow drift. This will enable spring ring 82 to be 
prised out and the stop ring to be pulled off. Clean up 
any burrs round the spring ring groove. Withdraw the 
armature and remove the drive pinion assembly 60. 
Defective drive pinions can only be renewed as an 
assembly. 

Dismantling (later type): 

Refer to FIG 11:6 and proceed as follows: 

1 Release the connector strip from the solenoid 50 and 
remove screws 51 to release the solenoid from the 
intermediate bracket. Lift the solenoid until its slotted 
pullrod Is clear of lever 13 and remove. 

2 Remove end cap 43 and the sealing ring. Prise out the 
lock ring from the shaft and pull off the shims. Remove 
bolts 44 and end cover 35. This will also release the 
brush-holder plate 38, but lift the brushes before 
pulling the holder off the armature shaft. 

3 Separate the starter body from the Intermediate 
bracket 11. Repeat preceding operation 3 to remove 
the pinion assembly. Remove the shift lever bolt 14 
to release lever 13. A defective pinion assembly must 
be renewed complete. 

These instructions will also be applicable to 12-volt 

starters. 


Removing and dismantling VW starter; 

1 Remove the connector strip from the solenoid, remove 
the two nuts and withdraw the housing with insulating 
disc. Remove the nut from the field coil lead and take 
off the specially shaped rubber seal. 

2 Disconnect the connector strip at the end plate and 
remove the cap from the commutator end. From the end 
of the shaft, remove the circlip and the steel and bronze 
washers. Remove burrs from the shaft. 

3 Lift off the two segmental brush covers, lift the brushes 
and wedge in position. Remove the two long through- 
bolts. This will enable the intermediate bracket at the 
drive end to be lifted off together with the armature. 
Keep a careful note of the position of the various 
washers. 

4 Disconnect the field coil lead from the brush-holder 
and lift off the end plate. Remove the brake washer 
and thrust ring. 

5 At the pinion end remove the spring clips and pivot 
pins from inside the bracket, puli out the insulating 
plate and turn the contact plate of the pointed solenoid 
core through 90 deg. Withdraw the armature, shifting 
linkage and solenoid core as a unit. Take off the circlip 
and retaining washers from the drive end of the shaft. 
Take the armature in one hand and the pinion in the 
other. Pull the shift collar about inch from the over¬ 
running clutch and remove the drive assembly by 


turning clockwise and jerking slightly. Remove the 
shift collar and the five steel bails from the over-running 
clutch. The clutch cannot be dismantled. 

Checking for defects: 

Clean the parts in fuel but do not immerse the armature 
or field coils in it and keep It away from the porous bush 
at the commutator end. If the drive pinion is oily or has 
been reluctant to engage in cold weather it can be washed 
in fuel. Excessive oil in the starter may be traceable to a 
defective crankshaft oil seal or a main drive shaft oil seal. 

Renew brushes by soldering the new leads into place 
one at a time. If the commutator is worn and out of round 
it can be skimmed in a lathe. Mount the shaft between 
centres and take light cuts with a keen tool. Do not reduce 
Bosch commutators below a diameter of 1.35 inches. 
After machining, or if the insulation stands proud between 
the copper segments, undercut the insulation about 
^ inch, using a ground-down hacksaw blade as shown 
in FIG 11 :2. Maximum permissible runout is .002 inch. 

Test the field coils 1 in FIG 11 :6 for open circuit by 
using a 6-volt battery and a test lamp with prods. Place 
the prods at the ends of each coil. If the outer insulation 
is in order it is rare to find a shortcircuit. Tests for short- 
circuits need special equipment. 

Test for earthed coils by using test prods and a 240-volt 
lamp. Put one prod on a coil end and the other to the 
frame or body. Make sure that electrical connections 
between the coils are sound. 

An electrical test for earthed armature windings can be 
made with test prods and a 240-volt lamp. Put one prod 
on the armature laminations and the other to each 
commutator segment in turn. Check the condition of 
the soldered joints at the risers off each segment. Some¬ 
times the solder becomes overheated and is flung off. 

Check the bearing bushes for play. After protracted use 
it is always advisable to renew these bushes. Before 
fitting new ones, soak them in hot engine Oil for some 
hours. Press into place using a mandrel the same diameter 
as the armature shaft. 

Check the solenoid connections by testing to earth 
with a 240-volt lamp and test prods. It is possible for 
excessive tightening of the terminal nuts to damage the 
insulation. The pull-in and hold-in windings of the Bosch 
solenoid can be checked for power and consumption by 
an official Service Station. If defective, a solenoid 
rrtust be renewed complete. 

The VW solenoid should move the pinion .240 inch. 
If less than this, the reason may lie in worn linkages or 
excessive end float of the armature. The permissible end 
float of .004 to .012 inch can be obtained by shimming. 
If, when holding the VW armature, the pinion cannot be 
turned anticlockwise, the over-running clutch is tight on 
the shaft. The clutch must be renewed as a unit. If the 
pinion does not spring right back to rest it may be due to 
sticking of the solenoid core or linkage, or the pressure 
spring in the over-running clutch may not be engaging. 

To test a 6-volt VW solenoid use a 6-volt battery and 
an ammeter reading to 50 amps. Insert the ammeter in a 
lead from the positive battery terminal to terminal 50. 
Connect the negative battery terminal to the pull-in 
winding terminal, when the meter should record a drain 
of 35-40 amps. To check the hold-in winding connect 
the negative battery terminal to the cover plate, when the 
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meter should record a drain of 10-12 amps Renew a 
defective solenoid. 

11:9 Starter motor assembling 

If the solenoid on a recent Bosch starter has been 
renewed, check the dimension indicated in FIG 11 :7. 
When the core is drawn right In the distance from the 
face of the solenoid body to the outer end of the operating 
slot must be .748±-004 inch. Loosen the locknut and 
turn the rod to adjust. 

Assembling Bosch starters: 

Refer to FIG 11 :8 for details of the places where 
effective sealing is necessary to prevent the entry of water 
and road grit. 

Assemble the armature and drive pinion to the inter¬ 
mediate bracket. Fit the stop ring and circlip, locking the 
stop ring in place by peering with a small chisel. 
Lubricate all moving parts and the shift lever vvith 
universal grease, Check that the support washer and seal 
between the starter body and the intermediate bracket 
are correctly fitted and assemble the parts together, using 
VW sealing compound Dia. Apply a touch of special 
Bosch grease to the shaft at the commutator end. 
Excessive lubricant at this point is liable to cause trouble 
with an oily commutator, 

Fit the brushes and, on recent models, the brush holder. 
Apply sealing compound VW/DIa as indicated and fit 
the end cover. Apply sealer to the long through-bolts and 
fit them. Before fitting the cover on early models, check 
the armature end float and adjust with shims if necessary. 
The float should lie between .004 and .012 inch. On later 
models, fit the shims and lockwasher to the end of the 
shaft and check the end float, which should be the same 
as that just given. Fit the end cap with seal and put sealer 
under the screw heads, 

To fit the solenoid, apply a strip of VW sealing com¬ 
pound D14 to the outer edge of the end face. Pull on 
the drive pinion and hook the solenoid operating slot 
over the lever. Put sealer on the solenoid fixing screws. 
Connect the field coil connector to the solenoid. 

To install the starter motor, first put universal grease in 
the bush in the transmission casing. Apply VW sealing 
compound D1 a between the intermediate bracket and the 
transmission. Insert the long screw in the bracket and fit 
the starter to the transmission. Connect the leads, making 
sure the terminals are clean and tightened securely but not 
excessively. 

Assembling VW starters: 

The steel balls of the drive assembly can be held in 
place with high-melting point grease. Lightly grease all 
moving parts. Push the over-running clutch into place by 
jerking slightly to ensure that the inner spring passes over 
the shoulder of the pinion and engages the groove. Pull 
the clutch forward to check the engagement of the spring. 
Fitting the circlip is easier if a tapered mandrel is available. 

Fit the linkage and solenoid core to the shift collar and 
insert the driving end of the armature in the intermediate 
bracket. Turn the solenoid contact plate through 90 deg, 
and insert the insulating plate above it, and up to the stop, 
Fit the two pivot pins and secure with the spring clips. 
Fit the thrust ring and brake washer in the commutator 



FIG 11 :7 Correct setting of solenoid actuating rod on 
Bosch starter motor 


1 2 



FIG 11:8 To seal starter motor against water and grit, 
use sealing compound at points indicated. Use com¬ 
pound D.14 at point 1, and compound D.1a under screw 
heads at 2, 3 and 4, and at joints 5 and 6 


end plate. Fit the body to the end plate so that the nose 
enters the groove in the plate. Connect the field coil lead 
to the positive brush-holder. Insert the armature assembly 
and fit the through-bolts, making sure the washers and 
shims are correctly positioned. Install the solenoid with 
the terminal in perfect contact and the profiled rubber seal 
seated properly. 

Make sure all parts are sealed against the ingress of 
water and dirt, including the brush inspection covers and 
the end cap. Renew parts which do not seat properly. 
Use FIG 11 :8 for reference. 

Fit the starter motor to the transmission casing in the 
manner described for the Bosch starter. 


11 :10 Headlamp servicing and adjustment 

All vehicles were originally fitted with headlamps 
incorporating parking lights and renewable bulbs with 
twin filaments to give main and dipped beams. Latest 
models are now fitted with sealed-beam headlamps in 
which the front glass and reflector are sealed and form 
the bulb with the filaments inside. Failure of a filament in 
this type means that the complete unit must be renewed. 

On the earlier type with separate bulb it is 
essential to handle the bulb with a piece of cloth 
or paper and not the bare fingers. Never attempt 
to clean the reflecting surface and do not touch 
it with the fingers. If the reflector loses its shine it 
must be renewed. 
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FIG 11 :10 Headlamp beam setting on renewable-bulb 
type (top) and on sealed beam type (bottom). A is 
distance between lamp centres, B is height of lamp 
centres above ground level, and C is 2 inches 


Renewing headlamp bulb: 

1 Loosen the screw at the bottom of the rim. Take out the 
light unit by lifting the bottom to unhook the rim at 
the top. 

2 From the back of the reflector, remove the bulb- 
holder by turning to the left, as in FIG 11:9. Pull the 
connector off the base of the bulb. 

3 Fit the new bulb, holding it with a piece of cloth or 
paper. When installing, the lug in the bulb-holder must 
engage the notch In the reflector. The contact strip 
must press firmly on the base of the parking light bulb, 


Renewing headlamp glass: 

1 Remove the light unit as just described. Take out both 
bulbs. 

2 Note the long springs holding the reflector in the rim. 
Hold down one end of a spring firmly and release the 
other end. Be careful when doing this, as a flying 
spring might cause an accident. 

3 Clean up the threaded ends of the adjusting screws and 
remove them. Take out the retaining ring with reflector, 
glass and seal. Do not finger the reflecting surface. 

4 Fit the new glass and sealing ring with the TOP' mark 
correctly positioned. Fit the reflector and retaining ring 
with the sealing ring between the rim and the retainer. 

5 Fit the adjusting screws and peen the ends. Fit the 
retaining springs. Fit the light unit and adjust the beam 
as instructed later. Do not fit headlamps of one make 
with parts of another make. 

Renewing sealed-beam light unit: 

1 Remove the light unit as described in the preceding 
instructions. The sealed beam unit is recognizable by 
the three flat pins on the back, which fit into a socket. 
Pull off the socket and disconnect the two leads from 
the parking light socket. 

2 Unscrew the parking light socket. Remove the retaining 
springs inside the rim, using the technique suggested in 
the preceding operation 2 on the renewable-bulb type 
of headlamp. Withdraw the retaining ring and sealed- 
beam unit. 

3 The new unit can be located correctly by the tabs and 
slots in the retaining ring Connect the leads correctly. 
Make sure the seating ring between the front rim and 
the wing is properly seated. 

Renewing sealed-beam headlamp glass: 

1 Remove the unit and detach the leads. Take out the 
glass-retaining springs from inside the rim. Unscrew 
the adjusting screws as far as possible and detach the 
long spring clip. 

2 Lift the retainer and light unit away from the rim until 
It IS possible to remove the glass and sealing ring. 

3 Put the seal on the new glass and insert in the rim with 
the VW sign upright and the arrow pointing down. 

4 Fit the. light unit and retainer with the seal between rim 
and retainer properly seated. Insert the retaining springs 
and after fitting the unit, adjust the beam setting as 
instructed later. 

Karmann Ghia lamps: 

The preceding instructions will be applicable to 
renewable-bulb and sealed-beam headlamps on Karmann 
Ghias but note one small difference when removing a 
unit. The lowest screw is removed to take off the trim 
ring. To the left of this screw is another which must be 
removed to release the light unit. 

Headlamp beam setting: 

This must be done in accordance with the Lighting 
Regulations of the country concerned. Basic setting on 
righthand-drive vehicles is done as follows: 

FIG 11 :10 shows the layout of aiming points on a 
vertical surface which is symmetrical about the centre 
line of the vehicle and at right-angles to the centre line. 
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The vehicle must be standing on level ground 16 feet 
5 Inches away from the aiming surface, or 25 feet for 
sealed-beam lamps. Tyre pressures must be correct, and 
the rear seat must be weighted with one passenger or 154 
lb. 

Dim the headlamps and cover one. Aim the other by 
turning the two adjusting screws indicated in FIG 11 :11. 
The top screw B is used for vertical aiming and the lower 
screw A for horizontal aiming. On renewable-bulb head¬ 
lamps the object is to get the horizontal borderline 
between light and dark to coincide with the horizontal 
line marked by the crosses. The point of the angle between 
light and dark should coincide with the cross. On sealed- 
beam headlamps use the lower diagram in FIG 11 :10 
and get the top edge of the high-intensity zone on the 
horizontal line and the righthand edge 2 inches to the 
left of the vertical line. 

The setting of headlamp beams is so important in the 
interests of all road users that it is recommended to 
entrust the work to a Service Station equipped with the 
necessary devices, unless the greatest care is taken to 
ensure accurate results which conform to the Regulations. 

11 :11 Fuses and warning lights 

There are so many variations in the disposition and use 
of fuses that it will be impossible to illustrate every one. 
Those given are typical Early vehicles from 1954 had a 
four-way set of fuses on the back of the instrument panel 
and a two-way set for the headlamps, beside the fuel tank. 
Soon after this the two-way set was replaced by a four¬ 
way set to give protection to the low-beam headlamp 
circuits. This arrangement is shown in FIG 11 :12. Later, 
this was superseded by a row of eight fuses under the 
instrument panel near the steering column. The arrange¬ 
ment of wiring to this is shown in FIG 11 :13. Some earlier 
vehicles had slightly different wiring along the bottom. 
From August 1966 ten fuses are fitted as shown in FIG 
11 :14. The lefthand fuse protecting the horn, flasher and 
stoplights is for 16 amps but the rest are 8 amp fuses, 
although some righthand fuses are also 16 amp. Always 
carry spares and never substitute a blown fuse with a 
piece of wire or tinfoil. Before renewing a fuse find 
the reason for blowing, otherwise the replace¬ 
ment may also fail. 

The warning lights and instrument lights have bulbs 
which can be reached after the cover at the back of the 
instrument panel is removed. The position of the lamps is 
shown in FIG 11 :15, but note that there is another fitted 
to the clock on Karmann Ghias. To renew bulbs it is a 
simple matter to pull the holders out of their sockets. 

11 :12 Direction indicators and flashers 

Arm-typedirections indicators should be cleaned with a 
brush and a little fuel if they become sluggish. It does no 
harm to prise the arm out if it refuses to work, Lubricate 
with thin anti-corrosion chassis oil, Thick engine oil or 
grease must not be used. After cleaning, check the 
connections and lamp contacts. Hold the indicator arm 
out to renew the bulb. 

Flashing direction indicators: 

Before renewing an apparently defective flasher unit, 
check that it is making a good earth connection with the 



FIG 11 :11 Turn screw A for horizontal beam setting, 
and screw B for vertical setting 




FIG 11:12 Early fuse arrangement. Preceding this, 
only the two lefthand fuses on the lower block were fitted 
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FIG 11:13 Fuse arrangements for the 1964'1200' 
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FIG 11:14 Latest 10-fuse arrangement. The two outer 
fuses are 16 amp and the rest 8 amp 



FIG 11 :15 Location of instrument and warning lights 
behind panel. A is the flasher unit 


Key to Fig 11:15 1 Fuel gauge light 2 Speedometer light 
3 Headlamp warning light 4 Oil pressure warning light 

5 Flashing indicators 6 Generator warning light 


vehicle body. The location is shown at A in FIG 11:15 
but note that some models have units which are clipped 
to the body panel by a spring tongue in the base. These 
will readily slide out when pulled. The front unit of the 
pair fitted to Karmann Ghias is the headlamp flasher relay. 

Failure of the flashers may be due to a blown fuse. 
The warning light on the dash will flash faster than usual 
if one of the flasher bulbs has failed. If both flashers on 
one side fail, the warning light will not operate, but do not 
forget that it is possible for the warning light to have 
burned out. 

Before removing a flasher unit, take the earthing strap 
off the battery. Then remove the three leads, noting how 
they are connected- Screw the unit out of the mounting 
bracket or slide it free on later models where it is clipped 
in place. 

Defective units cannot be repaired. When refitting a unit 
make quite sure that it is correctly connected and is 
effectively earthed to the frame. 

Self-cancelling indicator switch: 

Below the cables leaving the switch under the steering 
wheel hub is a screw which clamps the switch to the 
column. The clearance between the switch and the 
hub must be .080+ .020 inch and this can be set by 
moving the column tube up or down, To set the switch 
so that it cancels correctly, slacken the clamping screw 
and turn the switch in the required direction. If the wheel 
IS removed at any time, set the front wheels straightahead 
and fit the brass washer so that its recess points to the 
right. Fit the steering wheel with the spokes horizontal 
and the spoke recesses for the horn ring towards the 
driver's seat. The tongue on the cancelling ring must then 
engage with the brass washer. 


11 :13 Horn and windscreen wipers 

The horn is mounted under the lefthand wing, except 
on the Karmann Ghia which is fitted with a pair in the 
spare wheel compartment. If a horn does not operate or 
has a poor note, check the security of the mounting and 
see that the horn does not touch the body. Also check the 
earthing and current supply from the horn button or ring. 
High resistance of dirty contacts and connections will be 
a contributory cause of trouble with the horn. 

An attempt to adjust the horn must be made with great 
care. If the vibrating contacts inside the horn are kept in 
contact for too long with current passing, they will be 
damaged and the fuse will be likely to blow. 

The adjusting screw on all vehicles except Karmann 
Ghias is on the back of the horn. Turn it fractionally in 
either direction and test with a quick operation of the horn 
button or ring. Continue until the best note is achieved. 
If it is impossible to find a position which gives a loud 
dear note, the horn must be renewed. After adjustment, 
the adjusting screw must be sealed with paint or shellac 
to prevent the ingress of water. 

Before removing the horn, take out the fuse on the 
extreme left On Karmann Ghias, disconnect the cable 
from terminal 87 on the relay to be found behind the 
instrument panel. This is the front of two units between 
the speedometer and the clock. Loosen the rubber boot 
in the front panel, lift out the spare wheel and disconnect 
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the cable. Remove the securing screws and lift out the 
horns complete with boot. On all vehicles, make sure the 
horn is properly earthed, that it does not touch the body, 
and on Karmann Ghias, that the rubber boot is correctly 
positioned. Also on Karmann Ghias. there is a horn relay 
clipped into a hole in the side panel in the front compart¬ 
ment. To remove the relay, take out the fuse on the extreme 
left and then disconnect the four cables from the relay. 
Slide the relay upwards to detach it. 

Horn controls can be examined by prising off the cap. 
Make sure all contact parts are clean and bright, and any 
springs correctly located. 


The windscreen wipers; 

These are operated by a linkage connected to a motor 
mounted on a frame behind the instrument panel in the 
front compartment. 

The automatic parking action cannot work if the blades 
stop outside the area at the end of the return stroke, 
where switching takes place. If the blades are frozen to 
the screen or obstructed by piled snow it is possible for 
the motor to be burnt out. If the battery is flat and the 
arms have stopped midway. It is essential to move them 
to the parked position. 

Apart from the renewal of wiper blades, there are 
several points which need lubrication after long service 
and the wiper motor brushes and commutator will also 
need cleaning and checking. 

To remove the motor and linkage, take off the wiper 
arms by loosening the clamp screws. Disconnect the 
battery earthing strap. From the outside of the body, 
remove the hexagon nuts, washers and seals from the 
wiper arm shaft bearings. Remove the. cover from the 
back of the instrument panel and disconnect the lead to 
the wiper motor. Remove the glove box. Remove the bolt 
securing the triangular wiper bracket to the body. The 
bracket carries the motor and linkage complete. To 
remove the motor, disconnect the driving link, loosen 
the shaft securing nut and motor nut. Removal of the 
connecting rod will enable the wiper arm bearings to be 
checked and renewed if necessary. If the plastic bushes 
in the linkages are worn, renew the links complete and fit 
them with the hollow side facing the triangular frame. 
When fitting the wiper bearings the pressed lug on the 
frame must engage the groove in the bearing, 


Servicing wiper motor: 

Refer to FIG 11:16 and take off the cap by releasing 
the clip or removing a screw. Unhook the brush-holder 
spring 2 and swing the holders 3 outwards. Use long- 
nosed pliers to remove and insert brushes 1. Clean the 
commutator 4 with a fuel-moistened cloth. When the 
brush-holders are restored to the working position, make 
sure that the brushes bear on the commutator. Before 
reassembling, lubricate all linkage joints, shaft bearings 
and wiper arm joints. Note that plunger 5 is operated by a 
cam on the large gear at the other end of the motor and 
movement of the plunger operates the contacts 6 and 8 
which form part of the parking switch. On early vehicles 
the mechanical details of the parking switch are different, 
but not in principle. 



FIG 11:16 The windscreen wiper motor and wiring 
diagram. Note contact clearance 

Key to Fig 11; 16 1 Carbon brushes 2 Brush tension spring 
3 Brush-holder 4 Commutator 5 Self-parking plunger 
6 Moving contact 7 Movirig contact spring blade 

8 Fixed contact 


Installation of wiper assembly: 

Before fitting the assembly, check that the driving link 
is fitted with its angled end towards the righthand wiper 
bearing. The inner seal on the wiper arm bearing must be 
fitted so that the shoulder of the rubber moulding faces 
the wiper arm when Installed. Move the wiper frame on 
its elongated hole so that the wiper spindles are at right- 
angles to the windscreen. The earthing cable on the 
securing screw must make good electrical contact. 

11:14 Fault diagnosis 

(a) Battery discharged 

1 Terminals loose or dirty 

2 Battery internally defective 

3 Short circuits 

4 Generator not charging 

5 Regulator defective 

(b) Insufficient charging current 

1 Check 1 and 4 in (a) 

2 Generator driving belt slipping 

(c) Battery will not hold charge 

1 Low level of electrolyte 

2 Battery plates sulphated 

3 Electrolyte leaking from cracked casing or top seal 

4 Plate separators ineffective 

(d) Battory overcharged' 

1 Regulator defective 
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(e) Generator output low or nil 

1 Belt broken or slipping 

2 Faulty regulator unit 

3 Shaft bent, worn bearings, loose polepieces 

4 Commutator insulation proud, segments worn, burned 
or shorted 

5 Brushes sticking, springs broken or weak 

6 Field coils faulty 

(f) Warning lamp not lighting with ignition on 

1 Battery faults 

2 Defective ignition switch 

3 Bulb burned out 

4 Generator brushes not contacting commutator 

(g) Warning lamp stays on or brightens with 
engine speeding| 

1 Driving belt loose, generator faulty 

2 Regulator faulty, charging cables loose or broken 

(h) Warning lamp goes out only at high speed 
1 Generator or regulator faulty 

(j) Warning lamp stays on with ignition off 
1 Contact points in regulator stuck 

(k) Starter motor lacks power or will not operate 

1 Battery discharged, loose connections 

2 Solenoid switch contacts worn or dirty 

3 Brushes worn or sticking, springs weak or broken 

4 Commutator, armature or field coils defective 

5 Armature shaft bent, engine abnormally stiff 


(l) Starter motor runs but does not turn engine 
1 Drive gear or flywheel gear defective 

(m) Drive pinion stays in mesh 

1 Armature shaft bent or dirty 

2 Solenoid switch faulty 

(n) Lamps inoperative or erratic 

1 Battery low, bulbs burned out 

2 Switch faulty, poor earthing, loose connections, broken 
wiring 

(o) Wiper motor inoperative 

1 Armature touching polepieces, windings faulty 

2 Brush or commutator trouble 

3 On early models, brake band not clearing armature 

4 Tight bearings, bent linkage 

5 Switch faulty, terminals 1 and 2 not connected. 
Wiring fault from terminal 1 to motor terminal 54' 

(p) Wiper motor runs with switch off, does not 
park blades 

1 On early models, brake band broken or ineffective 

2 Contacts damaged, insulation broken 

3 Contact 31b not touching contact 54d 

4 Poor earthing of terminal 31 b through wiper switch 

(q) Wiper motor slow, armature burns out, 
squeaky operation 

1 Lack of lubrication to linkage 

2 Armature spindle presses on stop of brush-holder 

3 Cover incorrectly positioned 

4 Armature touches polepiece 


138 



CHAPTER 12 
THE BODYWORK 


12:1 Body finish 

12:2 Maintenance of bodywork 

12:3 Servicing doors (early) 

12:4 Servicing doors (later) 

12:5 Removing, and installing windscreen 


12:1 Body finish 

The high standard of paintwork on VW vehicles is 
obtained by skilful application of special primers and 
finishing coats. These are exclusively available to VW 
Service Stations so that the repair and painting of any¬ 
thing but minor damage must be left to them. Small 
scratches and tiny blemishes can be retouched by the 
owner, using the special touch-up paint which is 
supplied by WV. Before applying the paint it is essential 
to remove all traces of polish. This is done with white 
spirit, but in the case of silicone finishes, very gentle 
abrasion with the finest 'wet-or-dry' paper will be 
needed. If it is intended to retouch a small rusty spot or 
scratch, the rust must be removed with a gentle abrasive 
or a piece of wood. Leave each application of paint to dry 
before adding another coat and restore the brilliance of 
the abraded areas with a mild cutting compound. 
Repolish in the usual way. 


12:2 Maintenance of bodywork 

Apart from the normal cleaning and polishing there are 


12:6 Bonnet and hood locks 

12:7 Removing and installing wings and sills 

12:8 Trim and headlining 

12:9 Sliding or folding roof 

12:10 Seat belts 


a few places where lubrication is needed. With the excep¬ 
tion of Karmann Ghia hinges, the door hinges should 
have a spot of general-purpose oil applied after dirt has 
been wiped away. On the edge of the door above the lock 
is a small hole through which a little oil should be 
injected to lubricate the lock, as shown in FIG 12:1. 
Lock cylinders must not be oiled, but graphite powder 
can be applied to the key. which is then inserted and 
operated a few times. 

A tiny smear of universal grease should be applied to 
the door lock striker plates on the body. In the case of door 
locks be sparing with grease as it might otherwise come 
off on clothing. 

Clean the seat runners of adhering dust and apply a 
thin smear of grease. Apply oil to the pivot points of 
convertible hood frames, being careful to keep it off the 
rubber seal on the top cover. 

Other useful attention is to dust the rubber sealing 
strips round doors with French chalk. This helps-to keep 
the seals flexible and prevents squeaks. Use the same 
technique on rubber buffers to eliminate noise. 

Use universal grease on other contact surfaces such 
as bonnet and hood locks. 
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FIG 12:1 To lubricate the door lock, inject a few drops 
of oil through the hole above the latch 



FIG 12:2 To remove an interior handle, press back the 
escutcheon plate and drive out the crosspin 


12:3 Servicing doors (early type) 
Earliercarswithoutthe lock illustrated in FIG 12:5: 

To remove the door, uncouple the check rod from the 
door pillar (two screws). Where the door pillar changes 
direction to become the windscreen pillar, there are two 
rubber plugs. Remove these and unscrew the hinge- 
securing screws. Lift away the door. Renew the weather 
strips if necessary, using the correct adhesive. Refit the 
door and check the alignment. Adjust the rubber buffers 
and striker plate until satisfied. If moving the buffer 
position does not cure rattles, fit oversize buffers. 


Removing and installing door lock: 

To remove the lock, remove both interior handies by 
pressing in the escutcheon plates and drive out the 
securing pins as shown in FIG 12:2. Prise out the trim 
panel clips as shown in FIG 12:3. Undo the four screws 
adjacent to the window regulator spindle and remove the 
regulator. Remove the two screws concealed behind the 
weatherstrip and take off the outer door handle with 
rubber seal. From the door shut-face release the lock 
(four cross-head screws). Adjacent to the interior remote 
control spindle are two screws. Release these and then 
remove the screw which secures the rear glass-run 
channel. Lift up the glass and remove the lock and 
remote control assembly. Clean and then grease all 
moving parts. Refit In the reverse order, taking care that 
the rubber sleeve on the remote control rod is positioned 
where the rod is guided in the inner door panel. If the 
guide plate is slightly pre-loaded on the rod it will prevent 
rattles. 

Removing and installing window glass: 

To remove the ventilator, take off the trim panel as 
described when removing the lock. Remove the two 
screws just above the regulator spindle to release the 
ventilator check-stay. Withdraw the check-stay and 
clutch sleeve downwards and out through the hole in the 
inner panel. Release the ventilator from the upper bracket 
by drilling out the rivet. Remove the weatherstrips from 
the window aperture if renewal is necessary. 

Install the ventilator by riveting it to the upper bracket. 
Slide the check-stay and clutch sleeve over the ventilator 
pivot pin and lighten the two securing screws. The 
spring-loaded stay can be adjusted to regulate the effort 
needed to move the ventilator. Complete the installation 
in the reverse order to removal. 

Removing and installing sliding glass: 

Remove the trim panel as described under lock 
removal, after winding the window down. Remove the 
four screws securing the regulator and press it inwards 
after releasing the roller arm from the window glass 
channel. Pull the regulator out through the large hole in 
the inner panel. Remove the screw attaching the front 
glass-run channel to the centre bar of the inn6r door 
panel. Release the centre bar (one screw at the bottom). 
Remove the two screws high up in the middle of the door 
to release the front glass-run channel. Slide the glass 
downwards, tilt it and remove. 

To install the glass, insert it and turn through 90 deg. 
to slide It up into the channels. Continue to assemble the 
parts, greasing the remote control mechanism. Lower the 
glass three quarters of the way and connect the roller to 
the glass-lifting channel before securing the control. 

If it is necessary to remove the glass-run channels 
remove the attaching screws and then the weatherstrip 
at the window opening. The weatherstrip clips can be 
levered off with a screwdriver. 

12:4 Servicing doors (later types) 

To remove the door, release the check strap from the 
door pillar bracket by pressing the retaining ring off the 
pin. Remove the covers over the hinge screws. Use a 
hammer and solid screwdriver to start the cross-head 
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fixing screws. Unscrew them and pull the door out side¬ 
ways complete with hinges. Do not use this procedure if 
the same door is to be refitted, but simply knock out the 
hinge pins. However, the lower sill panel must be 
removed before the bottom hinge pin can be driven out. 

To install the door, first fit the weatherstrips if they need 
renewal. Use adhesive D12 to stick them in place. 
Having tightened the hinges so that the door does not 
seem to be far out, remove the lock striker plate from the 
door pillar and check the door for fit. The hirige fixings 
are moveable so that adjustment of their position is 
possible to correct jamming and to line up the door with 
the body aperture. Refit the striker plate and adjust it as 
outlined later, until the door shuts smoothly and lines up 
with the rear quarter panel. 

Removing and installing window glass; 

Remove the trim panel after taking off the interior 
handles as described earlier and illustrated in FIGS 12:2 
and 12:3. On the passenger’s side, pull the trim panel 
slightly away and then lift it in order to release the arm 
rest from its support. Release the check strap from the 
door pillar. Inside the triangular aperture in the door inner 
panel will be seen four screws securing the window 
lifting channel. Remove these and push the glass up¬ 
wards. Release the window regulator from the inner panel 
and remove the single screw just above the remote 
control for the lock. Push the regulator inwards and pull 
the winder assembly downwards and out. Pull the glass 
down, tilt it and remove from the door. If it is necessary 
to remove the trim moulding and weatherstrip, press out 
the securing clips from the rear. Remove the slot seal 
from the inner panel and, if necessary, pull the rear glass- 
run channel upwards out of the window slot. To remove 
the window guide channel release the single lower screw 
from inside the inner panel aperture. 

To remove the ventilator, take out the cross-head 
screw from the upper window frame and lift out the 
assembly complete with window guide channel. Renew 
all defective channels. 

The rear glass-run channel Is supplied in a straight 
length. Bend it to shape and press into the clips in the 
door frame and rear guide channel. The lifting channel 
along the bottom edge of the sliding glass must be fitted 
3.15 inch from the edge of the glass as indicated in 
FIG 12:4. 

Install in the reverse order, greasing the lifting mecha¬ 
nism with universal grease. Fit the glass-run channel 
together with the ventilator and secure in place. When 
fitting the glass and the lifter mechanism, if the lifter 
cannot be pushed through the front guide channel near 
the remote control for the lock, lift the ventilator slightly. 

Secure the window channel loosely to the lifting 
brackens, open and close the window a few times and 
then tighten the screws. Use adhesive D12 to stick a new 
sheet of plastic to the inner panel. Fit the rubber buffers 
and springs with the large ends of the springs touching 
the trim panel. Fit the handles at the correct angles. 

Adjusting door lock striker plate (except on '1500' 
models): 

The plate is shown in FIG 12:5 and basic adjustment 
dimensions in FIG 12:6. To set the plate correctly. 



FIG 12:3 To remove a trim panel, prise out the spring 
clips with a screwdriver 



FIG 12:4 On front winding windows the lifting channel 

is positioned as shown (later models) 

proceed as follows: 

1 Remove the plate and check the fit of the door. The 
door should be flush with the body aperture with the 
waistline mouldings in line. The gaps at the top and 
side of the door should be approximately equal and the 
door must not rub either at the top or the bottom. The 
weatherstrip must bear evenly all round the door and 
be uniformly compressed. Adjust the door position by 
loosening the hinges. 

2 Check the action of the lock by pulling on the door 
handle. The latch bolt on the underside of item 6 in 
FIG 12:6 should retract completely into the housing 
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FIG 12:5 Later type of door striker plate, now super¬ 
seded by the rotary latch 



FIG 12:6 Components of later striker plate. Gap B 
should be less than gap A by about .08 inch as indicated 
at X 

Keyto Fig 12:8 1 Adjusting screw 2 Locknut 

3 Adjustable stop 4 Wedge 5 Striker plate 

6 Latch housing 


or there will be difficulty in opening and closing the 
door. The top and bottom surfaces of the housing must 
be quite flat and the latch bolt and safety catch 
openings must have no worn edges. 

3 Check the striker plate 5. The lower contact surface for 
the latch housing must be in good condition, with little 
wear, and the plate must be renewed if the inner 
V-notch IS badly worn, A damaged latch housing may 
score or wear the plastic wedge, in which case the 
wedge 4 must be renewed. 


4 Fit the striker plaie wnh the screws lightly tightened. 
Loosen the locknut 2 on the wedge adjusting screw 
1 and turn the screw until the flange of the stop bush 
3 contacts the inner face of the housing. 

5 Adjust the plate sideways first. Shut the door and 
check that the door and rear quarter panels are flush, 
moving the plate either in or out until this condition is 
reached. Now adjust the plate vertically. Refer to the 
illustration and set the plate so that the space at A is 
more than that at B. When closing the door, the latch 
housing should ride on the lower surface of the plate 
and be lifted about .08 Inch when the door is shut. 
The position of the plate can be seen if the weather¬ 
strip is pulled to one side just before the door is fully 
shut. 

6 Open and close the door several times to check that 
the bearing faces of the housing and the plate are 
making even contact. Correct any errors by tilting the 
plate slightly. When satisfied that everything is 
working smoothly, tighten the plate screws fully. 

7 It will be seen that the flange of adjustable stop 3 can 
limit the travel of the wedge. To adjust the position 
correctly, hold the screw by the outer slot and release 
the locknut. Turn the screw anticlockwise so that the 
stop moves outwards Test by shutting the door. 
Continue to adjust and test until the closing pressure 
Is felt to increase when the closed door Is reopened. If 
this resistance seems to be excessive, or if the door 
springs open when an attempt is made to cfose it, 
reduce the pressure on the wedge by turning the screw 
Inwards Tighten the locknut when satisfied. 

8 Some readjustment of the wedge may be necessary 
after a new vehicle has been in use for some time. To 
complete the work on the door lock, lightly coat the 
contact surfaces of the latch housing and the wedge 
with petroleum jelly or molybdenum-disulphide paste. 


Adjusting door locks on '1500' cars: 

These locks have a rotary latch and the striker plate on 
the door pillar has a rubber wedge bonded to it to prevent 
rattling, as can be seen in FIG 12:7. 

To check the adjustment of the striker plate, see that 
the door is correctly aligned with the rear quarter panel. 
Using the outer handle, force the door in and out to check 
for play between the latch and the striker plate. The door 
must also open without excessive effort, using either 
handle. 

If the door springs open to the safety position when 
slammed, loosen the striker plate screws and move the 
top of the plate inwards a small amount until a cure Is 
effected, FIG 12:8 shows the operation. 

If the door is difficult to open with the press button and 
drops when it is opened, loosen the striker plate and move 
it downwards. 

If the door springs out of the locked position and 
engages only in the safety position, move the striker plate 
up slightly. 

Sometimes it may be difficult to cure rattles, even by 
adjusting the striker plate. In this case try the effect of 
fitting a shim, up to inch thick in the position marked X 
in the illustration. This may cure the trouble without the 
need to renew the wedge or the striker plate. 
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12:5 Removing and installing windscreen 

These instructions will apply to all vehicles, and to the 
renewal of other fixed glass windows. It is important to 
know whether the glass is laminated, of the safety type 
or simply plate glass as fitted to early models. Safety glass 
can be removed and refitted with blows of the fist or a 
rubber hammer, but it is dangerous to use this method 
with the other two types of glass. For these, hand pressure 
must suffice, and in all cases it is wise to protect the hands 
with cloth. 

1 Remove the wiper arms. With laminated glass, use a 
wooden wedge to loosen the weatherstrip from the 
body. Start at one of the upper corners and push the 
screen and weatherstrip outwards. 

2 The decorative finisher moulding fitted to the outer 
face of the rubber surround is secured by two sleeves. 
Drive these off and remove the moulding halves, 
followed by the rubber weatherstrip. 

3 Remove old sealing compound from the body aperture 
and check the flange edges. These must be flat and 
smooth to ensure a leaktight seal. 

4 Work the weatherstrip round the edge of the new glass, 
letting the ends meet halfway along the top edge. 
Prepare to fit the finisher moulding by inserting some 
strong cord in the slot in the weatherstrip shown in 
FIG 12:9. This is most readily done by using two or 
three inches of inch tubing flattened at one end for 
insertion into the slot. The cord is fed through the tube, 
which is then drawn round the slot, leaving the cord 
in position. Cross the cord ends in the centre of the 
lower edge and leave enough hanging out for hand¬ 
holds. 

5 Push one half of the moulding into the slot, followed 
by the other, Slowly pull on the cord while pushing 
the moulding into place, until the operation is com¬ 
pleted. Fit the two cover sleeves over the joins. 

6 Fit the cord into the slot In the weatherstrip which fits 
the body aperture, in the manner just described. Apply 
sealing compound to the outer surface of the weather¬ 
strip and to the bottom corners of the aperture. Secure 
the services of an assistant. 

7 Offer the screen to the outside of the frame with the 
cord ends inside. Press on the glass and pull at one 
end of the cable, keeping parallel to the glass. This 
should draw the lip of the weatherstrip over the body 
aperture. Continue pulling and pressing until the 
screen is in place. Safety-glass screens can be helped 
into place with modest blows from the fist. At all times 
avoid concentrated pressure in one place. 

8 When the glass is properly seated, clean away all 
surplus sealing compound with petrol or white spirit. 


12:6 Bonnet and hood locks 

If the bonnet cable breaks, the latch bolt is free and the 
bonnet can be opened. To renew a cable, remove the lock 
and the cover plate of the assembly and release the cable 
from the latch. Pull the cable out of the guide tube. Grease 
a new cable and insert it in the tube. Press the latch against 
the spring until it projects into the locking bolt opening 
and secure the cable with the clamping screw. 

To adjust the locking bolt, refer to FIG 12:10. Loosen 
the locknut and turn the bolt in the required direction. 



FIG 12:7 Loosening striker plate screws to adjust 
position (latest rotary latch door locks) 



FIG 12:8 Adjusting rotary latch striker plate. Packing 
inserted at X may cure rattles 


CHANNEL 
FOR FINISHER 
MOULDING 


CHANNEL FOR GLASS 



FIG 12:9 Section of windscreen moulding showing 
slots for glass, finisher moulding and body flange 
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FIG 12:12 The location of front and rear seat belt 
fixings on recent models 


grommet from the hole in the wing Remove one screw 
securing the wing to the sill and nine screws from the 
wing flange. Lift the wing and beading off the body. 

Renew the beading if faulty. Stick it to the wing flange 
to ensure correct location. Clean out the body threads with 
a tap and apply grease to the securing screws. Fit the 
wing, placing a new rubber washer between the wing and 
the sill. Check headlamp setting when installation is 
complete. 

To remove rear wings, remove the rear lamp assembly 
and pull out the cables. Remove the bumper and brackets 
together with the seals. Remove the nut and screw 
between the wing and the sill. Remove nine screws and 
one nut to release the wing. When installing a rear wing, 
fit a new length of beading if necessary. Use a tap to clean 
out the threads and oil the screws. Fit a new rubber 
washer between the wing and the sill. Fit the seals for 
the bumper bracket into the hole in the wing. Install the 
lamp, but check the gasket before fixing the lens. 

The sill is attached by bolts underneath and by bolts 
and nuts to the wings. When refitting the sill, tighten the 
sidemember screws first and then the nuts and screws at 
the ends. The slots In the sill fit over the washers on the 
mounting bolts. Do not forget the rubber washers 
between the sill and the wings. 


12:8 Trim and headlining 

To remove the rear quarter trim, remove the rear seat 
and squab. Prise the panel from the inner panel of the body 
and squab. Prise the panel from the inner panel of the 
body. On De Luxe models there is a moulding which can 
be removed by bending up the spring clips. If required, 
the insulating padding can be stripped off. When fitting 


FIG 12:10 Adjusting the position of the bolt for the 
bonnet lock. Slacken locknut and turn bolt with screw¬ 
driver 


FIG12;11 Front seat belt fixings. On the left, a plastic 
screw is removed from the door pillar to provide a top 
fixing point. The righthand view shows thefixingsonthe 
sides of the floor tunnel 


Check the action by opening and closing the bonnet 
several times. If the bolt does not register correctly in the 
latch opening, slacken the latch fixings and move the 
assembly in the slotted holes. 

The rear hood lock can be removed after unscrewing 
three crosshead screws from inside. Install the handle from 
above and the lock from inside and secure with the screws. 
Operate the hood and lock several times to check the 
action. If necessary the striker plate can be moved in the 
slotted holes in order to correct any errors in alignment. 

12:7 Removing and Installing wings and sills 

The wings and sills are bolted In place. To remove front 
wings, first detach the headlamps and direction indicators. 
Pull the cable out of the headlamp housing and the 


144 


the padding, remove all traces of the old adhesive with 
benzine, and then stick the new padding In place with 
fresh adhesive, Remove broken moulding clips and fit 
new ones, bending all clips down after fitting the 
moulding. Before pressing the trim panel into place, make 
sure that the waterproof sheeting is correctly fitted so 
that it overlaps the inner panel and allows water to 
drain away. 

To remove the headlining, remove the rear view mirror 
Push forward the cardboard strip at the front end of the 
lining so that a tool can be Inserted between the roof 
member and the lining. Do this with a finger in the hole 
in the roof member. Move the tool along, at the same time 
lifting the front edge of the lining. Insert the tool behind 
the corner of the front door pillar and work it back to the 
first support bow Lift the bow and work the tool right 
back to the rear. With the lining released on one side, the 
bows can be pulled out from that side. Repeat the 
operation on the other side. The tool must then be used to 
release the rear of the lining and this will allow the lining 
and bows to be removed as a unit. If necessary, strip off 
the roof insulation. 

Reverse the proceedings to install the headlining. 
Before sticking a new insulation pad into place, remove 
old adhesive with benzine Start refitting at th^ rear. Fit 
the tool between the finishing strip and the headlining 
material and press on the cardboard strip until it Is held 
by the flange of the roof member. 


12 :9 Sliding or folding roof 
Sliding roof: 

To remove the Golde sliding roof panel, open the roof 
halfway. Remove the front trim panel by levering out the 
five clips with a screwdriver between the panel and the 
roof. Push the trim panel rearwards as far as it will go. 
Set the roof about two inches open and unscrew both 
front guides. Close the roof and unhook the leaf springs 
from the rear guides, turning them round to face the front. 
Pull out both rear guide brackets from the supports and 
lift the roof panel evenly to avoid damage to the seal. 

To install the roof panel, press down on the trim panel 
and slide the roof into the rear opening at an angle 
Lower the front end carefully so that the seal is noi 
damaged and pull the roof to the front. Insert the rear 
guide brackets and fit the two front guides. Open the roof 
halfway and pull the trim panel to the front, securing it by 
pressing the clips into place. 


Folding roof: 

Rattling of the Golde folding roof can be eliminated by 
attention to the roller brackets at the ends of the centre 
bow. Bend the bracket until the roller touches the lower 
edge of the runner channel without play. If the handle 
rattles, make sure the springs under the escutcheon or the 
rubber plug in the tensioner spindle are not missing. 
Rattling can be cured by fitting a felt washer between the 
bow and the spring. 

A folding roof may be difficult to lock due to too much 
tension on the rear bow. Slacken the tensioner screw in 
the centre of the bow. Excessive tension may also lead 
to trouble with leakage at the front. Alternatively, the seal 
under the header may be out of place. Sometimes, 
excessive force when trying to close the roof may bend 
the locking bow, in which case it must be straightened. 
If adhesive is required on the top cover use only D11. 

Convertible top: 

The folding convertible top will operate smoothly if the 
various joints In the linkage are given a few drops of oil. 
Top catches may not hold the top firmly, in which case 
they must be straightened or renewed. In order to make 
the catches line up with the retaining lugs on the wind¬ 
screen frame, leave the catches undone and pull the 
frame sideways until a cure is effected. Guide tongues 
which do not enter properly can be set, or small washers 
can be inserted under the locks. If the roof sidemembers 
rest on the window frames, the sidemembers may be set 
cold. 

The door gap on a convertible may widen towards the 
top. This can be rectified by putting hard rubber packing 
under the body at the support points found just to the 
rear of the front-edge of the rear wings and the bracket 
bolted to the rear suspension frame. 

12:10 Seat belts 

These are obtainable from VW Dealers and can be 
fitted to cars from Chassis No. 4/010/995. On all models 
the front belts are secured to the door lock pillar and the 
sides of the frame tunnel as shown in FIGS 12:11 and 
12:12. For the rear passengers, the earlier type of fixing 
was to points behind the back-rest and in the rear 
luggage compartment. As can be seen in FIG 12:12, the 
later fixings are to the side panels under the seat and to 
the centre of the luggage compartment. Two more points 
are provided in the roof pillars behind the quarter 
windows. 
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APPENDIX 


GENERAL DESCRIPTION 


TECHNICAL DATA 


Engine Fuel system 

Transmission Steering 

Rear suspension Brakes 

Capacities Torque wrench settings 


Ignition system Clutch 

Front suspension 
Electrical equipment 


WIRING DIAGRAMS 


FIG 13:1 '1200''Beetles'from January 1954 

FIG 13:2 '1200' 'Beetles' between August 1960 and August 1961 

FIG 13:3 '1200’Karmann-Ghia from August 1960 

FIG 13:4 '1200' 'Beetles' from August 1961 

FIG 13:5 '1300''Beetles'from August 1965 

FIG 13:6 'IBOO'-Beetles'(12-volt) 

FIG 13:7 Karmann-Ghia from August 1966 (12-volt) 
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GENERAL DESCRIPTION 


The illustration is a section through a typical Volkswagen Beetle' showing the 
disposition of the various components. The chassis frame is a steel floor stiffened 
by a deep backbone tunnel down the middle. Outrigger members connect the 
backbone to a sill round the outer edge to which the body is bolted, the assembly 
being an extremely rigid structure. The floor carries a front plate to which the 
front suspension and steering system is bolted, and a fork at the rear supports 
the engine and transmission unit. 

The flat four ohv engine is aircooled by a fan in housing 26, the fan being bolted 
to the front end of the shaft of generator 28. Heated air is ducted to the car 
interior when required. The engine is bolted to a four-speed transmission 
unit 18, the final drive being to differential unit 20. From here the drive passes to 
axle shafts which are carried inside tubes ball-jointed to the transmission casing. 
The outer ends of the tubes carry the brake mechanisms and radius arms, the 
arms being secured to the outer ends of torsion bars 17 to provide the rear 
suspension system. The axle shafts carry the hubs and rear wheels at their 
outer ends. 

The front suspension consists of transverse torsion bars 4 carried inside tubes 
bolted to the frame. The outer ends of the bars are coupled to arms which in turn 
are connected by links to the kingpins and stub axles for the front wheels. 
Thus, the wheels are all independently sprung and damping is provided by 
telescopic tubular dampers. Latest models have softer rear suspension but 
heavy loads are sustained by an additional equalizer spring fitted transversely. 
The disposition of the components is much the same in all 'Beetle* models and 
Karmann-Ghia's. 

Various braking systems have been used, the 'Standard' model having cable 
operated foot brakes for many years. All the later models have hydraulic foot 
brakes and there are disc brakes on the front wheels of the latest 1500 'Beetles' 
and on the Karmann-Ghia's. These also have a dual-circuit braking layout 
which ensures that complete failure of the foot brakes is impossible. 

Major modifications in design were made on the following dates, It will be 
noticed that after the initial change of engine capacity in January of 1954 most 
of the other changes take place in August of each year. This is the result of skilful 
planning to ensure that any reorganization of the assembly lines is made during 
the work's shutdown for the annual holiday. 
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January 1954: The '1200' model is introduced, with the engine capacity 
raised to 1192cc and the compression ratio to 6.6:1. Power output goes up 
from the original 25 bhp to 30 bhp at 3400 rev/min. An oil bath air cleaner is 
fitted, the ignition and starter switches are combined and the lubrication and 
carburetter systems modified. 

August 1960: A redesigned engine is fitted to cars. The cylinder head has 
weage-type combustion chambers with valves working at an angle. Separate 
cam followers are substituted for the earlier pushrod and follower assembly. The 
crankcase is stiffened, a sturdier crankshaft is fitted and the fuel pump location 
and its drive redesigned. The compression ratio is increased to 7:1, which pushes 
the power output up to 34 bhp. With the exception of 'Standard cars, all the 
other models have the four forward gears synchronized. The carburetter is 
fitted with an automatic choke and the distributor changed from one with 
centrifugal and vacuum advance mechanisms to one with vacuum advance only. 

August 1961; The mechanically operated footbrakes on the 'Standard' model 
are superseded by brakes with hydraulic operation. 

August 1962: A new fresh*air heating system is introduced. Heat exchangers 
in the exhaust system ensure that the heated air is free from fumes. 

August 1963: The transmission of the 'Standard' model is modified from an 
all-crash gearbox to one with synchromesh engagement on three of the four 
forward gears, bottom gear being of the sliding pinion type. 

August 1964: A new engine cooling system is fitted. This controls the volume 
of cooling air by flaps instead of by the original regulator ring. This provides for 
a larger volume of heated air to the car interior without over-cooling the engine 
when starting up from cold. 

August 1965: The engine capacity is increased to 1285 cc. With the compression 
ratio up to 7.3:1 the power output is raised to 50 bhp at 4600 rev/min. The new 
car is called the '1300'. Later, the *1300 is also available with the 1192cc 
engine and is known as the '1200A'. 

August 1966: A 1493 cc engine is now fitted to the new '1500' car. the com¬ 
pression ratio is raised to 7.5:1 and the power output to 53 bhp at 4200 rev/min. 
Disc brakes are fitted to the front wheels, and on Karmann-Ghia models the 
front and rear brake circuits are independently operated by a tandem master 
cylinder. This system is later introduced on the 1500 'Beetles'. The 1967 cars 
also have a modified rear suspension system in which an equalizer bar stiffens 
the softer suspension under heavy loads. 

Model identification : It is important to quote this when ordering spare parts, 
or in correspondence with the manufacturers. The locations of the three sets of 
numbers are as follows: 

The identification plate: This will be found behind the spare wheel. 

The chassis number: This is stamped on the floor tunnel under the rear seat. 
The engine number: On all models this is stamped on the crankcase flange 
immediately below the generator support bracket. 
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TECHNICAL DATA 


Dimensions are in inches unless otherwise stated. The word limit' indicates the maximum 

permissible wear or clearance 


ENGINE 

Bore and stroke: 

1192 cc ('1200' and '1200A'). 

77 X 64 mm 

1285 cc ('1300') . 

77 X 69 mm 

1493 cc ('1500') . 

83 X 69 mm 

Compression ratio: 

1192 cc (to August 1955) 

6.6:1 

1192 cc (from August 1955) ... 

7.0:1 

1285 CC . 

7.3:1 

1493 cc . 

7.5:1 

Crankshaft (all models): 

Main journal diameters: 

Nos. 1, 2 and 3 

2.1654 

No. 4 . 

1.5748 

Main bearings: 

Nos. 1, 3 and 4 

Sleeve type, aluminium alloy 

No. 2 . 

Split shells, aluminium alloy 

Main bearing running clearance: 

Nos. 1, 2 and 3 

.0016 to .004 (limit .0072) 

No. 4 . 

.002 to .004 (limit .0075) 

Regrind undersizes 

—.25,—.50 and—.75 mm 

End float 

.0027 to .005 (limit .006) 

Crankpin diameter 

2.1654 

Crankpin regrind undersizes ... 

— .25,—.50 and—.75 mm 

Connecting rods (all models): 

Running clearance, big-end 

.0008 to .003 (limit .006) 

End float, big-end 

.004 to .016 (limit .028) 

Maximum permissible weight variation 

.18 oz 

Pistons (all models): 

Type. 

Aluminium alloy with steel strut 

Running clearance (i Inch below crown at right angles .0015 to .002 (.0024 on '1500') 

to gudgeon pin) 

(limit .008) 

Weight tolerance, maximum ... 

. 1 8 oz 

Piston rings (all models) 

2 compression, 1 oil scraper 

Side clearance, top compression 

.0027 to .0035 (limit .005) 

Side clearance, second compression ... 

.002 to .0027 (limit .004) 

Side clearance, oil control 

.0012 to .002 (limit .004) 

Compression ring gap ... 

.012 to .018 (limit .035) 

Oil control ring gap 

.010 to .016 (limit .037) 

Gudgeon pin type 

Fullyfloating, located bycirclips 

Gudgeon pin bush 

... Bronze, pressed into connecting rod 

Gudgeon pin clearance in bush 

.0004 to .0008 (limit .0016) 

Camshaft: 

Type (all models) 

Cast Iron, three bearings 

Bearings: 

1192 cc up to August 1965... 

Direct in crankcase 

1192 cc from August 1965, 1285 cc and 1493 cc 

Split, steel-backed, whitemetal lined 

Running clearance (all models) 

.0008 to .002 (limit .0047) 

End float up to Engine No. 5067817 ... 

.0012 to .0033 (limit .004) 

End float from Engine No. 5067817 ... 

.0024 to .0045 (limit .0056) 

Backlash between timing gears 

.0000 to .002 
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Tappets: 

Diameter (early) 

Diameter (later) 

Working clearance (early) 

Working clearance (later) 

Rocker shaft: 

Diameter (early) 

Diameter (later) , ... 

Running clearance of rocker (early) ... 

Running clearance of rocker (later) 

Valves: 

Head diameter, inlet: 

1192 cc (early) 

1192 cc (later) 

1285 cc . 

1493 CC . 

Head diameter, exhaust: 

1192 cc (early) 

1192 cc (later) 

1285CC . 

1493 CC 

Seat angle (all models) 

Stem diameter, inlet: 

1192 CC (early) 

1192 cc (later), 1285 cc and 1493 cc 
Stem diameter, exhaust: 

1192 cc (early) 

11 92 cc (later), 1 285 cc and 1493 cc 
Stem to guide clearance, inlet: 

1192 cc (early) 

1192 cc (later) and 1285 cc 

1493 cc . 

Stem to guide clearance, exhaust: 

1192 cc (early) 

1192 cc (later) and 1 285 cc 

1493 cc . 

Valve springs: 

Free length: 

1192 cc (early) 

1192 cc (later) and 1285 cc 
Loaded length: 

1192 cc (early) 

1192 cc (later) 

1192 cc (’1200A').' 

1285 cc and 1493 cc 

Valve timing (with rocker clearance of .040): 

Inlet opens and closes: 

11 92 cc (before Engine No. 5/000/001) 

1192 cc (Engine Nos. 5/000/001 to 5/009/663) 
1192 cc (later) 

1192 cc ('1200A'). 

1285 cc . 

Exhaust opens and closes: 

1192 cc (before Engine No. 5/000/001) 

1192 cc (Engine Nos. 5/000/001 to 5/009/663) 
1192 cc (later) 

1192 cc (■1200A'). 

1 285 cc . 


.5893 to .5899 

.7466 to .7472 (limit .7452) 

.0006 to .002 

.0008 to .0024 (limit .0047) 

.6285 to .6293 

.7073 to .7080 (limit .7069) 

.0002 to .002 

.0006 to .002 (limit .0031) 


1.181 

1.24 

1.3 

1.4 

1.102 
1.18 
1.18 
1.26 
45 deg. 

.2738 to .2742 
.3126 to .3130 

.2734 to .2738 
.3114 to .3118 

.0017 to .0027 
.0020 to .0030 
.008 to .009 

.0027 to .0037 
.0031 to .0041 
.011 to .012 


1.70 

1.89 

1.10 at 73.5 lb 
1.35 at 102±4 lb 
1.32 at 96.5±7 lb 
1.22 at 126±8 lb 


2ideg. BTDC, 37^ deg, ABDC 
2 deg. BTDC, 24 deg. ABDC 
4 deg. BTDC, 32 deg. ABDC 
6 deg, BTDC, 35i deg. ABDC 
71 deg. BTDC, 37 deg. ABDC 

371 deg. BBDC, 2i deg. ATDC 
32 deg. BBDC, 9 deg. ATDC 
41 deg. BBDC, 1 deg. ATDC 
42i deg. BBDC, 3 deg. ATDC 
44^ deg. BBDC, 4 deg. ATDC 
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Rocker clearance (cold): 

Inlet and exhaust: 

1192 cc (early, with sticker on fan housing) 

1192 cc (with no sticker). 

1192cc (after Engine No. 5/000/001) 

1285 cc and 1493 cc 
Oil pump: 

End float in housing (with gasket) 

Backlash between gears . 

Pressure (hot, with SAE20 oil) 

Pressure (hot, with SAE 20 oil) 

Relief valve spring free length. 

Load when compressed to .930 
Pan—clearance between fan and fan housing 


,004 

Inlet .008, exhaust .012 

.008 

.004 

.003 to .007 
.001 to .003 
7 Ib/sq in (idling) 

28 Ib/sq in (at 2500 rev/min) 
2.480 ±040 
17 lb 
.065 


FUEL SYSTEM 


Carburetter: 

Type: 

Early '1200' (pre-1960) . 

Later '1200'... 

'1200A' . 

Early '1300' ... 

Later'1300'and'1 500' 

'1 200'Karmann-Ghia 
' 1300 'and'1500'Karmann Ghia 
Venturi: 

Early'1200' (28 PCI) . 

Later'1200' (28 PICT) . 

'1200A' (28 PICT-1) . 

'1300' and '1500' (30 PICT and 30 PlCT-1) 


Main jet: 

All models except '1300' and 1500 

'1300' (30 PICT) . 

'1500' (30 PICT-1) . 

Air correction jet: 

Early'1200'(28 PCI) ... , - • 

Later '1200', '1200A' and '1300' (28 PICT and 
28 PICT—1) 

'1300' and '1500' (30 PICT and 30 PICT-1) 



Pilot jet: 

'^1^200 /1200A', '1300' and "i 500' (28 PICT, 28 Plcf-1, 

30 PICT and 30 PICT-1) . 

Pilot jet air bleed; 

Early'1200'(28 PCI) . 

'1200' and '1200A' (28 PICT, 28 PICT-1). 

'1300' and '1500' (30 PICT and 30 PlCT-1) 

Emulsion tube: 

Early'1200' (28 PCI) 

^^'TfoO', '1200A' and '1300' (28 PCI, 28 PICT, 

28 PlCT-1 and 30 PICT) 


Power fuel jet: 

'1200A' (28 PICT-1) 

'1300' Karmann-Ghia (30 PICT) 
'1500' (30 PICT-1) 


Solex 28 PCI 
Solex 28 PICT 
Solex 28 PICT-1 
Solex 30 PICT 
Solex 30 PICT—1 
28 PICT-1 
30 PICT-1 

21.5 mm 

22.5 mm 

22.5 
24 mm 

122.5 mm 
125 

120 

195 or 200 

130Y (145Y Karmann-Ghia) 
125Z (135Z Karmann-Ghia) 

50 

55 

.80 mm 
2.0 mm 
150 

29 


.50 

1.0 mm 
.75 mm 
50 (no ball) 
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IGNITION SYSTEM 


Sparking plugs: 

Type: 

Bosch 

Champion ... 

KLG. 

AC. 

Lodge 

Also any other make with similar values 
Gap... 

Distributor: 

Type: 

Early '1200'. 

Later '1200'. 


‘1200A' 

'1300' 


Contact breaker gap 
Ignition timing: 

Early '1200'... 
Later '1200'... 
'1200A' 

'1300 and '1500' 
Firing order 


W175T1 (WU5 T1,'1500' Car) 

L10, later L85, L87Y or L95Y 

F70 

43 L 

H14 

.025 to .028 


Bosch VJU/4BR/3mk 
Bosch ZV/PAU/4R/1 mk or 2mk or 
VW 113/905/205B 

Bosch 111/905/205N or VW 113/905/205J 
Bosch 113/905/205K or 
Bosch ZV/PAU/4R/1mk or 
VW 113/905/205L 
.016 

71 deg. BTDC 
10 deg. BTDC 
10 deg. BTDC 
71 deg. BTDC 
1_4_3_2 


CLUTCH 

Type ... ... ... ... ... Single plate, dry disc 

Pressure plate springs (free length): 

'1200' ... . 2.040 

Pressure plate springs (loaded length): 

'1200'. 1.16 

'1300'and'1500' . 1.48 

Automatic clutch ... ... ... Inner .86, outer .78 

Spring pressure (loaded): 

'1200'. 121 to 132 lb 

'1300' (3 dark blue springs) ... ... 136 to 145 lb new (120 to 129 lb after use) 

'1300' (3 light blue springs) ... ... 132 to 141 lb new (115 to 124 lb after use) 

'1500' (6 white springs) ... ... 99 to 108 lb new (88 to 98 lb after use) 

'1 500' (3 red springs) ... ... ... 75 to 79 lb new (66 to 73 lb after use) 

Automatic clutch . Outer 57 to 61.5 lb, inner 24 to 26 lb 

Pedal free play ... ... ... ... .40 to .80 


TRANSMISSION 

Gearbox casing: 

Type (early'1200') ... ... ... 2-piece, split vertically 

Type (all later models)... ... ... 1-piece, tunnel 

Gear selection: 

Standard model'1200' ... ... 4-speed,'crash'type 

Early'1200' ... ... ... ... Synchromesh on 2nd, 3rd and Top 

All subsequent models... ... ... Synchromesh on all four forward gears 

Gear ratios: 

'Crash' type gearbox (Standard model): 

1st. 3.60:1 

2nd. 2.07:1 
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3rd ... 

4th. 

Reverse 
Early '1200'; 

1st. 

2nd. 

3rd ... 

4th. 

Reverse 

Later '1200'. '1200A' and '1300 

1st. 

2nd ... 

3rd ... 

4th. 

Reverse 

'1500'; 

1st ... 

2nd. 

3rd ... 

4th. 

Reverse 

Differential ratio; 

Early '1200' . 

Later '1200' and '1300' 

'1500' . 


1.25;1 
.80 ;1 
6.60;1 

3.60:1 

1 . 88:1 

1 . 22:1 

.79:1 

4.63:1 

3.80:1 

2.06:1 

1.32:1 

89:1 

3-88:1 

3.80:1 
2.06:1 
1.26:1 
.89:1 
3.61 :1 

4.37:1 or 4.43:1 

4.37:1 

4.125:1 


STEERING 


Type: 

Early '1200' .. 

All other later cars 
Steering wheel turns (lock to lock): 

Worm and sector type ... 

Worm and roller type (later'1200') 

Worm and roller type ('1200A', '1300' and '1500') 
Wheel alignment (unladen): 

Worm and sector type (early '1200'): 

Camber angle 
Kingpin inclination ... 

Castor angle 
Toe-in 

Toe-out on turns (inside wheel) 

Toe-out on turns (outside wheel) ... 

Worm and roller type (later '1200'): 

Camber angle 
Kingpin inclination ... 

Castor angle 
Toe-in 

Toe-out on turns (inside wheel) 

Toe-out on turns (outside wheel) ... 

Worm and roller type ('1200A' and '1300'): 
Camber angle 
Kingpin inclination ... 

Castor angle 
Toe-in 

Toe-out on turns (inside wheel) 

Toe-out on turns (outside wheel) ... 


Worm and sector 
Worm and roller 

2.40 

2.60 

2.70 


0® 40'±30' 

40 20' 

2° 30'±15' 
.040 to .120 
32°±2° 
26°±1° 

0 ‘'± 40 ' 

4° 20' 

2° ±15' 

.080 to .160 
34°±2° 

28 o±io 

0° 30'±15' 
40 20' 
2°±15' 

.080 to .1 60 
34° ±2® 

28°±1^ 
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Worm and roller type ('1 500'): 

Camber angle (to Chassis No. 115/979/202) ... ... O'^ 40'±30' 

Camber angle (from Chassis No. 116/000/001) ... ... 0° 30' ± 20' 

Kingpin inclination ... ... ... ... ... ... 4° 20' 

Castorangle ... ... ,.. ... ... ... 3°20'±1° 

Toe-in (10 angular minutes equals .047 with 1 5 inch tyres) ... 1 8' to 40' 

Toe-in (10 angular minutes equals .051 with 16 inch tyres) ... 18' to 40' 


FRONT SUSPENSION 

Torsion bars: 

Number of leaves: 

' 1200 ' . 8 

'1200A', '1300' and '1500'. 10 


REAR SUSPENSION 

Spring type 
Torsion bars: 

Length (early) ... 

Length (later '1200', '1200A' and '1300') 

Diameter (early) 

Diameter (later '1200', '1200A' and '1300') 

Inclination of spring plate: 

Early cars 
Later '1200' 

’1200A' and '1300' . 

’1500'. 

Rear wheel toe-out: 

'1200','1200A'and'1300' . 

'1500'. 

Rear wheel camber angle: 

All cars except'1500' ... 

'1500' .... . 


One round torsion bar each side 

24.7 

21.7 
.940 
.870 

12°±30' 

16° 30' ±50' 
17°30'±50' 

20° ±50' 

5'±15' 

5'±10' 

3°±30' 

Many variations (consult 
dealer) 


BRAKES 

Systems; 

Early 'Standard' Cars till August 1961 ... 

All later Cars ... 

Handbrake; 

All models ... 

Dual circuit braking 

Brake types: 

All except '1500' 

'1500'. 

Lining width: 

Front: 

All models except'1 500' 

Rear: 

All models ... 

Lining thickness; 

Front and rear (except '1 500' disc) 


Cable operated 
Hydraulic front and rear 

Cable operation on rear wheels 
only 

Later '1300' and '1500' in¬ 
cluding Karmann-Ghia 

Drum, 9 inch diameter 
Disc front, drum rear 


1.570 
1,180 
.15 to .157 
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ELECTRICAL EQUIPMENT 


Battery: 

Early'1200' ■ ■ ■ • ; 

Later cars (except those with 12-volt systems) 
'1300' and '1500' during 1967 


6V, 70 amp/hr 
6V, 66 amp/hr 
12V, 36 amp/hr 


Generator: 

Early '1200' (Bosch). 

Later '1200' (Bosch) ... . 

Alternative (VW) 

'1200A' and '1300' (Bosch) . 

Alternative (VW) ... 

Karmann-Ghia (later) and 1500 (Bosch) 
'1 500' (12-volt) Bosch . 


LJ/REF-160/6/2500L4 
LJ/REG-1 80/6/2500L3 
113/903/021 C 
111/903/021 H 
111/903/021J 
131 /903/021 
G(L)14V/30A/20 


Regulator: 

Early '1200' (Bosch). 

Later '1200' (Bosch). 

Alternative (VW) 

Test voltage . 

'1200A'and'1300' (Bosch) ... 
Alternative (VW) 

Test voltage with load of 45 amps 
'1500' and Karmann-Ghia (Bosch) 
'1500' 12-volt (Bosch) 

(Generators and regulators must be 
Starter: 

Early '1200' (Bosch). 

Later '1200' (Bosch). 

Alternative (VW) 

'1200A' and '1300' (Bosch) ... 
Alternative (VW) 

Karmann-Ghia (Bosch) 

'1500' (Bosch) 

'1500' (12-vott), Bosch 


RS/TA-160/6/A1 
RS/TAA-1 80/6/4 
113/903/801C 

7 4 to 8 1 (1895 to 2220 engine rev/min at 68 F) 
113/903/801F 
113/903/801G 

6 to 7| at 4000 generator rev/min 

131/903/801 

VA/14V/30A 

of the same make when installed.) 

EED-0.5/6-L4 (4-brush) 

EED-0.5/6-L49 or EEF-0.5/6-L1 

113/911/021A 

113/911/021B 

113/911/021A 

141/911/021 

111/911/021G 

EF(L)12VO/7PS 


Fuel tank (all models) 
Engine sump 
Transmission 

Brakes ... ‘ •• 


CAPACITIES 

8.8 Imperial gallons 
4.4 Imperial pints 
5.0 Imperial pints initially 
(4,4 pints on refilling) 
,44 Imperial pint 


TORQUE WRENCH SETTINGS 

Figures are in 


Engine; 

Crankcase nuts (early (1200').. 
Crankcase nuts (8 mm) 
Crankcase nuts (12 mm) 
Cylinder head nuts 
Flywheel gland nut 
Connecting rod bolt ... 

Fan nut 

Generator pulley nut ... 
Sparking plug ... 

Oil drain plug ... 

Copper-plated rocker shaft nuts 


fb ft unless otherwise specified 

. 22 

14 

24 to 26 
22 to 23 

. 217 

. 36 

40 to 47 
40 to 47 
22 to 29 
22 

. 18 
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Transmission: 

Bolts/nuts for casing ... 

Nuts for differential side cover 
Crownwheel bolts 
Selector fork screws ... 

Reverse selector fork screw 
Drive pinion nut (early Standard transmission) 


Drive pinion nut (2-piece casing) 

Drive pinion nut (tunnel casing) 

Main drive shaft nut (2-piece casing) ... 
Main drive shaft nut (tunnel casing) ... 

Rear axle shaft nut 

Bolts/nuts for spring plate mounting ... 
Brakes and wheels: 

Backplate bolts 

Hose and pipe unions (early) ... 

Hose and pipe unions (later) ... 

Wheel bolts (oiled) 

Steering; 

Steering wheel nut 
Drop arm bolt ... 

Nut, clamp to axle tube (worm and sector) 
Mounting nuts (worm and roller) 

Nuts for ball joints 
Front axle: 

Axle to frame ... 

Steering knuckle ball joints 


14 

22 

43 

18 

14 

36 (tighten to 108, release 
and then to 36) 

80 to 87 

43 (tighten to 87, release 
and then to 43) 

30 to 36 

43 (tighten to 87, release 
and then to 43) 
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72 to 

87 


30 



11 to 

18 


10 to 

14 


65 to 

79 


36 to 

43 


47 to 

54 


18 



18 to 

25 


18 to 

25 


36 to 

43 


29 to 

36 (1 

0 mm) and 

36 

to 50 

(12 mm) 
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Milli¬ 

metres 


Inches to 
Millimetres 
Inches mm 






.015625 

.03125 

.046875 

.0625 

.078125 

.09375 

.109375 

,125 

.140625 

.15625 

.171875 

.1875 

.203125 

,21875 

.234375. 

.25 

.265625 

.28125 


.296875 

.3125 

.328125 


.34375 

.359375 

.375 


.390625 

.40625 

.421875 

,4375 

.453125 

.46875 


.515625 


9.9219 

10.3187 

10.7156 

11.1125 

11.5094 

11,9062 

2.3031 

2.7000 

3.0969 

3.4937 

13.8906 

14.2875 

14.6844 

15.0812 


.703125 117,8594 



.796875 

.8125 

.828125 

.84375 

.859375 

.875 

.890625 

.90625 

.921875 

.9375 

.953125 

.96875 

.984375 


20.2406 '24 
20.6375 25 
21.0344 26 
21.4312 27 
21.8281 28 
22.2250 29 
22,6219 30 
23.0187 31 
23.4156 32 
23.8125 33 
24,2094 34 
24.6062 35 
25.0031 36 


Millimetres to 
Inches 

mm Inches 


39 

2 .00079 

3 .00118 
.00157 
.00197 



,3 

.01181 

,4 

.01575 

.5 

.01969 


IWBEtWI 



.51181 

.55118 

.59055 

.62992 

.66929 

.70866 

.74803 

.78740 

.82677 

.86614 

.90551 

.94488 

.98425 

1.02362 

1.06299 

1.10236 

1.14173 

1.18110 

1.22047 

.25984 

.29921 

.33858 

.37795 

.41732 

.4567 

.4961 

.5354 

.5748 

.6142 

.6535 

.6929 

.7323 

.7717 



2^ 

§ ^ ^ ^ 
5 tb 5 ^ 

Co <b ^ ^ S5 

cs Co • 

I 


.62 


.24 .14 



3 1.70 


2.27 

2.84 


.68 4.83 1.86 .21 


7.04 ,88 


3.98 


8 4,55 


10.56 1.32 


31,82 12.32 1.54 



2.49 .28 56.89 


.35 71.12 


3.73 .42 85.34 
4.35 .49 99.56 


.56 113.79 


14.48 5.59 .63 128,00 

2.20 16.09 6.21 .70 142.23 


4.40 




80.47 


96.56 37.28 
112.65 43.50 


128.75 49.71 


144.84 


160.93 62. 


2.11 

426.70 








S' 

t 

Kgm to lb ft 

.138 

7,233 

.276 

14.466 

.414 

21.699 

ranii 


36.165 

.829 

43.398 



1.382 


2.765 144.660 
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HINTS ON MAINTENANCE AND OVERHAUL 


There are few things rrore rewarding than the restora¬ 
tion of a vehicle’s original peak of efficiency and smooth 
performance. 

The following notes are intended to help the owner to 
reach that state of perfection. Providing that he possesses 
the basic manual skills he should have no difficulty in 
performing most of the operations detailed in this manual. 
It must be stressed, however, that where recommended in 
the manual, highly-skilled operations ought to be entrusted 
to experts, who have the necessary equipment, to carryout 
the work satisfactorily. 

Quality of workmanship; 

The hazardous driving conditions on the roads to-day 
demand that vehicles should be as nearly perfect, 
mechanically, as possible. It is therefore most important 
that amateur work be carried out with care, bearing in 
mind the often inadequate working conditions, and also 
the inferior tools which may have to be used. It is easy to 
counsel perfection in all things, and we recognize that it 
may be setting an impossibly high standard. We do, 
however, suggest that every care should be taken to ensure 
that a vehicle is as safe to take on the road as it is humanly 
possible to make it. 

Safe working conditions: 

Even though a vehicle may be stationary, it is still 
potentially dangerous if certain sensible precautions are 
not taken when working on it while it is supported on 
jacks or blocks. It is indeed preferable not to use jacks 
alone, but to supplement them with carefully placed 
blocks, so that there will be plenty of support if the car 
rolls off the jacks during a strenuous manoeuvre. Axle 
stands are an excellent way of providing a rigid base which 
Is not readily disturbed. Piles of bricks are a dangerous sub¬ 
stitute. Be careful not to get under heavy loads on lifting 
tackle, the load could fall, it is preferable not to work 
alone when lifting an engine, or when working under¬ 
neath a vehicle which is supported well off the ground. 
To be trapped, particularly under the vehicle, may have 
unpleasant results if help is not quickly forthcoming. Make 
some provision, however humble, to deal with fires. 
Always disconnect a battery if there is a likelihood of 
electrical shorts. These may start a 'ire if there is leaking 
fuel about. This applies particularly to leads which can 
carry a heavy current, like those In the starter circuit. 
While on the subject of electricity, we must also stress the 
danger of using equipment which is run off the mains 
and which has no earth or has faulty wiring or connections. 
So many workshops have damp floors, and electrical 
shocks are of such a nature that it is sometimes impossible 
to let go of a live lead or piece of equipment due to the 
muscular spasms which take place. 

Work demanding special care; 

This involves the servicing of braking, steering and 
suspension systems. On the road, failure of the braking 
system may be disastrous. Make quite sure that there can 
be no possibility of failure through the bursting of rusty 
brake pipes or rotten hoses, nor to a sudden loss of pres¬ 
sure due to defective seals or valves. 


Problems: 

The chief problems which may face an operator are: 

1 External din. 

2 Difficulty in undoing tight fixings. 

3 Dismantling unfamiliar mechanisms. 

4 Deciding in what respect pans are defective. 

5 Confusion about the correct order for reassembly. 

6 Adjusting running clearance. 

7 Road testing 

8 Final tuning. 

Practical suggestions to solve the problems: 

1 Preliminary cleaning of large parts—engines, trans¬ 
missions. steering, suspensions, etc.,—should be 
carried out before removal from the car. Where road 
dirt and mud alone are present, wash clean with a high- 
pressure water jet, brushing to remove stubborn 
adhesions, and allow to drain and dry. Where oil or 
grease is also present, wash down with a proprietary 
compound (Gunk. Teepol etc.,) applying with a stiff 
brush—an old paint brush is suitable—into all crevices. 
Cover the distributor and ignition coils with a poly¬ 
thene bag and then apply a strong water jet to cl^ar the 
loosened deposits. Allow to drain and dry. The 
assemblies will then be sufficiently clean to remove and 
transfer to the bench for the next stage. 

On the bench, further cleaning can be carried out, 
first wiping the parts as free as possible from grease 
with old newspaper. Avoid using rag or cotton waste 
which can leave clogging fibres behind. Any remaining 
grease can be removed with a brush dipped in paraffin. 
If necessary, traces of paraffin can be removed by 
carbon tetrachloride. Avoid using paraffin or petrol in 
large quantities for cleaning in enclosed areas, such as 
garages, on account of the high fire risk. 

When all exteriors have been cleaned, and not before, 
dismantling can be commenced. This ensures that dirt 
will not enter into interiors and orifices revealed by 
dismantling. In the next phases, where components 
have to be cleaned, use carbon tetrachloride in pre¬ 
ference to petrol and keep the containers covered 
except when in use. After the components have been 
cleaned, plug small holes with tapered hard wood 
plugscut to size and blank off larger orifices with grease¬ 
proof paper and masking tape. Do not use soft wood 
plugs or matchsticks as they may break. 

2 It is not advisable to hammer on the end of a screw 
thread, but if it must be done, first screw on a nut to 
protect the thread, and use a lead hammer. This applies 
particularly to the removal of tapered cotters. Nuts and 
bolts seem to 'grow' together, especially in exhaust 
systems. If penetrating oil does not work, try the 
judicious application of heat, but be careful of starting 
a fire. Asbestos sheet or cloth is useful to isolate heat. 

Tight bushes or pieces of tail-pipe rusted into a 
silencer can be removed by splitting them with an 
open-ended hacksaw. Tight screws can sometimes be 
started by a tap from a hammer on the end of a suitable 
screwdriver. Many tight fittings will yield to the judicious 
use of a hammer, but it must be a soft-faced hammer if 
damage is to be avoided, use a heavy block on the 
opposite side to absorb shock. Any parts of the 
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steering system which have been damaged should be 
renewed, as attempts to repair them may lead to 
cracking and subsequent failure, and steering ball 
joints should be disconnected using a recommended 
tool to prevent damage. 

3 It often happens that an owner is baffled when trying to 
dismantle an unfamiliar piece of equipment. So many 
modern devices are pressed together or assembled by 
spinning-over flanges, that they must be sawn apart 
The intention Is that the whole assembly must be 
renewed. However, parts which appear to be in one 
piece to the naked eye, may reveal close-fitting joint 
lines when inspected with a magnifying glass, and. 
this may provide the necessary clue to dismantling. 
Left-handed screw threads are used where rotational 
forces would tend to unscrew a right-handed screw 
thread. 

Be very careful when dismantling mechanisms which 
may come apart suddenly. Work in an enclosed space 
where the parts will be contained, and drape a piece of 
cloth over the device if springs are likely to fly in all 
directions. Mark everything which might be reas¬ 
sembled in the wrong position, scratched symbols may 
be used on unstressed parts, or a sequence of tiny dots 
from a centre punch can be useful. Stressed parts 
should never be scratched or centre-popped as this 
may lead to cracking under working conditions. Store 
parts which look alike in the correct order for reas¬ 
sembly. Never rely upon memory to assist in the 
assembly of complicated mechanisms, especially when 
they will be dismantled for a long time, but make notes, 
and drawings to supplement the diagrams in the 
manual, and pul labels on detached wires. Rust stains 
may indicate unlubricated wear. This can sometimes be 
seen round the outside edge of a bearing cup in a 
universal joint. Look for bright rubbing marks on parts 
which normally should not make heavy contact. These 
might prove that something is bent or running out of 
truth. For example, there might be bright marks on one 
side of a piston, at the top near the ring grooves, and 
others at the bottom of the skirt on the other side. This 
could well be the clue to a bent connecting rod. 
Suspected cracks can be proved by heating the com¬ 
ponent in a light oil to approximately 100®C, removing, 
drying off, and dusting with french chalk, if a crack is 
present the oil retained in the crack will stain the french 
chalk. 

4 In determining wear, and the degree, against the per¬ 
missible limits set In the manual, accurate measure¬ 
ment can only be achieved by the use of a micrometer. 
In many cases, the wear is given to the fourth place of 
decimals; that is in ten-thousandths of an inch. This 
can be read by the vernier scale on the barrel of a good 
micrometer. Bore diameters are more difficult to 
determine. If, however, the matching shaft is accurately 
measured, the degree of play in the bore can be felt as a 
guide to its suitability. In other cases, the shank of a 
twist drill of known diameter is a handy check. 

Many methods have been devised for determining 
the clearance between bearing surfaces. To-day the 
best and simplest is by the use of Plastigage, obtainable 
from most garages. A thin plastic thread is laid between 
the two surfaces and the bearing is tightened, flattening 
the thread. On removal, the width of the thread is 


compared with a scale supplied with the thread and the 
clearance is read off directly. Sometimes joint faces 
leak persistently, even after gasket renewal. The fault 
will then be traceable to distortion, dirt or burrs. Studs 
which are screwed into soft metal frequently raise burrs 
at the point of entry. A quick cure for this is to chamfer 
the edge of the hole in the part which fits over the stud. 

5 Always check a replacement part with the 
original one before it is fitted. 

If parts are not marked, and the order for reassembly 
is not known, a little detective work will help. Look for 
marks which are due to wear to see if they can be 
mated. Joint faces may not be identical due to manu¬ 
facturing errors, and parts which overlap may be 
stained, giving a clue to the correct position. Most 
fixings leave identifying marks especially if they were 
painted over on assembly. It is then easier to decide 
whether a nut. for instance, has a plain, a spring, or a 
shakepToof washer under it. All running surfaces 
become 'bedded' together after long spells of work and 
liny imperfections on one part will be found to have left 
corresponding marks on the other. This is particularly 
true of shafts and bearings and even a score on a 
cylinder wall will show on the piston. 

6 Checking end float or rocker clearances by feeler gauge 
may not always give accurate results because of wear. 
For instance, the rocker lip which bears on a valve stem 
may be deeply pitted, in which case the feeler will 
simply be bridging a depression. Thrust washers may 
also wear depressions in opposing faces to make 
accurate measurement difficult. End float is then easier 
to check by using a dial gauge. It Is common practice to 
adjust end play in bearing assemblies, like front hubs 
with taper rollers, by doing up the axle nut until the hub 
becomes stiff to turn and then backing it off a little. Do 
not use this method with ballbearing hubs as the 
assembly is often preloaded by tightening the axle nut 
to its fullest extent. If the splitpin hole will not line up. 
file the base of the nut a little. 

Steering assemblies often wear in the straight-ahead 
position If any part is adjusted, make sure that it 
remains free when moved from lock to lock. Do not be 
surprised if an assembly like a steering gearbox, which 
IS known to be carefully adjusted outside the car, 
becomes stiff when it is bolted in place. This will be due 
to distortion of the case by the pull of the mounting 
bolts, particularly if the mounting points are not all 
touching together. This problem may be met in other 
equipment and is cured by careful attention to the 
alignment of mounting points. 

When a spanner is stamped with a size and A/F it 
means that the dimension is the width between the 
jaws and has no connection with ANF, which is the 
designation for the American National Fine thread. 
Coarse threads like Whitworth are rarely used on cars 
to-day except for studs which screw into soft aluminium 
or cast iron, For this reason it might be found that the 
lop end of a cylinder head stud has a fine thread and the 
lower end a coarse thread to screw into the cylinder 
block. If the car has mainly UNF threads then it is 
likely that any coarse threads will be UNC, which are 
not the same as Whitworth. Small sizes have the same 
number of threads in Whitworth and UNC. but in the 
^ inch size for example, there are twelve threads to the 
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inch in the former and thirteen in the latter. 

7 After a major overhaul, particularly if a great deal of 
work has been done on the braking, steering and 
suspension systems, it is advisable to approach the 
problem of testing with care. If the braking system has 
been overhauled, apply heavy pressure to the brake 
pedal and get a second operator to check every 
possible source of leakage. The brakes may work 
extremely well, but a leak could cause complete failure 
after a few miles. 

Do not fit the hub caps until every wheel nut has been 
checked for tightness, and make sure the tyre pressures 
are correct. Check the levels of coolant, lubricants and 
hydraulic fluids. Being satisfied that all is well, take the 
car on the road and test the brakes at once. Check the 
steering and the action of the handbrake. Do all this at 
moderate speeds on quiet roads, and make sure there 
is no other vehicle behind you when you try a rapid 
stop 


Finally, remember that many parts settle down after 
a lime, so check for tightness of all fjxings after the car 
has been on the road for a hundred miles or so. 

8 It is useless to tune an engine which has not reached its 
normal running temperature. In the same way. the tune 
of an engine which is stiff after a rebore will be different 
when the engine is again running free. Remember too, 
that rocker clearances on pushrod operated valve gear 
will change when the cylinder head nuts are tightened 
after an initial period of running with a new head gasket 
Trouble may not always be due to what seems the 
obvious cause. Ignition, carburation and mechanical 
condition are interdependent and spitting back through 
the carburetter, which might be attributed to a weak 
mixture, can be caused by a sticking inlet valve. 

For one final hint on tuning, never adjust more than 
one thing at a time or it will be impossible to tell which 
adjustment produced the desired result. 
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GLOSSARY OF TERMS 


Allen key Cranked wrench of hexagonal section 

for use with socket head screws. 

Alternator Electrical generator producing alterna¬ 
ting current Rectified to direct current 
for battery charging. 

Ambient 

temperature Surrounding atmospheric temperature. 

Annulus Used in engineering to indicate the 

outer ring gear of an epicyclic gear 
train. 

Armature The shaft carrying the windings, which 
rotates in the magnetic field of a 
generator or starter motor. That part of 
a solenoid or relay which is activated 
by the magnetic field. 

Axial In line with, or pertaining to, an axis. 

Backlash Play in meshing gears. 

Balance lever A bar where force applied at the centre 

is equally divided between connections 
at the ends. 

Banjo axle Axle casing with largediameter housing 
for the crownwheel and differential. 

Bendix pinion A self-engaging and self-disengaging 
drive on a starter motor shaft. 

Bevel pinion A conical shaped gearwheel, designed 
to mesh with a similar gear with an 
axis usually at 90 deg. to its own. 

bhp Brake horse power, measured on a 

dynamometer, 

bmep Brake mean effective pressure. Average 

pressure on a piston during the working 
stroke. 

Brake cylinder Cylinder with hydraulically operated 
piston(s) acting on brake shoes or 
pad(s) 

Brake regulator Control valve fitted in hydraulic braking 
system which limits brake pressure to 
rear brakes during heavy braking to 
prevent rear wheel locking. 

Camber Angle at which a wheel is tilted from 

the vertical. 

Capacitor Modern term for an electrical condenser. 

Part of distributor assembly, connected 
across contact breaker points, acts as 
an interference suppressor. 

Castellated Top face of a nut, slotted across the 
flats, to take a locking splitpin. 

Castor Angle at which the kingpin or swivel 

pin is tilted when viewed from the side. 

cc Cubic centimetres. Engine capacity is 

arrived at by multiplying the area of 
the bore in sqcm by the stroke in cm 
by the number of cylinders. 


Clevis U-shaped forked connector used with 

a clevis pin, usually at handbrake 
connections. 

Collet A type of collar, usually split and 

located in a groove in a shaft, and held 
in place by a retainer. The arrangement 
used to retain the springfs) on a valve 
stem in most cases. 

Commutator Rotating segmented current distributor 
between armature windings and 
brushes in generator or motor. 

Compression The ratio, or quantitative relation, of the 
total volume (piston at bottom of 
stroke) to the unswept volume (piston 
at top of stroke) in an engine cylinder. 

Condenser See capacitor. 

Core plug Plug for blanking off a manufacturing 

hole in a casting. 

Crownwheel Large bevel gear in rear axle, driven by 
a bevel pinion attached to the propeller 
shaft, Sometimes called a 'ring gear', 

'C'-spanner Like a 'C' with a-handle. For use on 
screwed collars without flats, but with 
slots or holes. 

Damper Modern term for shock-absorber, used 

in vehicle suspension systems to damp 
out spring oscillations. 

Depression The lowering of atmospheric pressure 

as in the inlet manifold and carburetter. 

Dowel Close tolerance pin, peg, tube, or bolt, 

which accurately locates mating parts. 

Drag link Rod connecting steering box drop arm 

(pitman arm) to nearest front wheel 
steering arm In certain types of steering 
systems. 


Dry liner 

Thinwall tube pressed into cylinder 
bore 

Dry sump 

Lubrication system where all oil is 
scavenged from the sump, and returned 
to a separate tank. 

Dynamo 

See Generator. 

Electrode 

Terminal, part of an electrical compo¬ 
nent, such as the points or 'Electrodes' 
of a sparking plug. 

Electrolyte 

In lead-acid car batteries a solution of 
sulphuric acid and distilled water. 

End float 

The axial movement between 
associated parts, end play. 

EP 

Extre/ne pressure. In lubricants, special 
grades for heavily loaded bearing 
surfaces, such as gear teeth in a 
gearbox, or crownwheel and pinion 
in a rear axle. 
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Fade 

Field coils 
Fillets 

First motion 
shaft 

Fullflow filter 


FWD 

Gear pump 


Generator 

Grommet 

Grubscrew 

Gudgeon pin 

Halfshaft 

Helical 

Hot spot 

HT 

Hydrometer 

Hypoid bevel 
gears 


Idler 


Impeller 


Of brakes. Reduced efficiency due to 
overheating. 

Windings on the polepieces of motors 
and generators. 

Narrow finishing strips usually applied 
to interior bodywork. 

Input shaft from clutch to gear¬ 
box. 

Filters in which all the oil is pumped to 
the engine. If the element becomes 
clogged, a bypass valve operates to 
pass unfiltered oil to the engine. 

Front wheel drive. 

Two meshing gears in a close fitting 
casing. Oil is carried from the inlet 
round the outside of both gears in the 
spaces between the gear teeth and 
casing to the outlet, the meshing gear 
teeth prevent oil passing back to the 
inlet, and the oil is forced through the 
outlet port. 

Modern term for 'Dynamo', When 
rotated produces electrical current. 

A ring of protective or sealing material. 
Can be used to protect pipes or leads 
passing through bulkheads. 

Fully threaded headless screw with 
screwdriver slot. Used for locking, or 
alignment purposes. 

Shaft which connects a piston to its 
connecting rod. Sometimes called 'wrist 
pin', or 'piston pin'. 

One of a pair transmitting drive from 
the differential. 

In spiral form. The teeth of helical gears 
are cut at a spiral angle to the side faces 
of the gearwheel. 

Hot area that assists vapourisation of 
fuel on its way to cylinders. Often 
provided by close contact between 
inlet and exhaust manifolds. 

High Tension. Applied to electrical 
current produced by the ignition coil 
for the sparking plugs. 

A device for checking specific gravity 
of liquids. Used to check specific 
gravity of electrolyte. 

A form of bevel gear used in the rear 
axle drive gears. The bevel pinion 
meshes below the centre line of the 
crownwheel, giving a lower propeller 
shaft line. 

A device for passing on movement. 

A free running gear between driving 
and driven gears. A lever transmitting 
track rod movement to a side rod in 
steering gear. 

A centrifugal pumping element. Used 
in water pumps to stimulate flow. 


Journals 

Kingpin 


Layshaft 


lb ft 


Ib/sq in 
Little-end 

LT 

Mandrel 

Manifold 


Those parts of a shaft that are in 
contact with the bearings. 

The main vertical pin which carries the 
front wheel spindle, and permits steer¬ 
ing movement. May be called 'steering 
pin' or 'swivel pin'. 

The shaft which carries the laygear in 
the gearbox. The laygear is driven by 
the first motion shaft and drives the 
third motion shaft according to the 
gear selected. Sometimes called the 
'countershaft' or 'second motion shaft.' 

A measure of twist or torque. A pull of 
101b at a radius of 1 ft is a torque of 
10 lb ft. 

Pounds per square Inch. 

The small, or piston end of a connecting 
rod. Sometimes called the 'small-end'. 

Low Tension. The current output from 
the battery. 

Accurately manufactured bar or rod 
used for test or centring purposes. 

A pipe, duct, or chamber, with several 
branches. 


Needle rollers Bearing rollers with a length many 
times their diameter. 


Oil bath 

Oil wetted 

Overlap 
Panhard rod 

Pawl 

Peg spanner 

Pendant pedals 

Phillips 
screwdriver 


Reservoir which lubricates parts by 
immersion. In air filters, a separate oil 
supply for wetting a wire mesh element 
to hold the dust. 

In air filters, a wire mesh element 
lightly oiled to trap and hold airborne 
dust. 

Period during which inlet and exhaust 
valves are open together. 

Bar connected between fixed point on 
chassis and another on axle to control 
sideways movement. 

Pivoted catch which engages in the 
teeth of a ratchet to permit movement 
in one direction only 

Tool with pegs, or pins, to engage in 
holes or slots in the part to be turned. 

Pedals with levers that are pivoted at 
the top end. 

A cross-point screwdriver for use with 
the cross-slotted heads of Phillips 
screws. 


Pinion 

Piston-type 

damper 

Preloading 

Radial 


A small gear, usually In relation to 
another gear. 

Shock absorber in which damping is 
controlled by a piston working In a 
closed oil-filled cylinder. 

Preset static pressure on ball or roller 
bearing.s not due to working loads. 

Radiating from a centre, like the spokes 
of a wheel. 
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Radius rod 
Ratchet 


Ring gear 


Runout 


Pivoted arm confining movement of a 
part to an arc of fixed radius. 

Toothed wheel or rack which can move 
in one direction only, movement in the 
other being prevented by a pawl, 

A gear tooth ring attached to outer 
periphery of flywheel. Starter pinion 
engages with it during starting. 

Amount by which rotating part is out 
of true. 


Semi-floating Outer end of rear axle haifshaft is 
axle carried on bearing inside axle casing. 

Wheel hub is secured to end of shaft. 


Servo A hydraulic or pneumatic system for 

assisting, or. augmenting a physical 
effort. See 'Vacuum Servo’. 

Setscrew One which is threaded for the full 

length of the shank. 


Shackle A coupling link, used in the form of two 

parallel pins connected by side plates 
to secure the end of the master sus¬ 
pension spring and absorb the effects 
of deflection. 

Shell bearing Thinwalled steel shell lined with anti¬ 
friction metal. Usually semi-circular 
and used In pairs for main and big- 
end bearings. 

Shock absorberSee ’Damper’. 

Silentbloc Rubber bush bonded to inner and 
outer metal sleeves. 


TDC 


Thermostat 


Third motion 
shaft 

Threequarter 
floating axle 


Thrust bearing 
or washer 

Torque 
Track rod 


UJ 

UNF 

Vacuum servo 


Venturi 


Socket-head 

screw 

Solenoid 


Spur gear 

Stub axle 
Tachometer 


Screw with hexagonal socket for an 
Allen key. 

A coil of wire creating a magnetic field 
when electric current passes through it. 
Used with a soft iron core to operate 
contacts or a mechanical device. 

A gear with teeth cut axially across the 
periphery, 

Short axle fixed at one end only. 

An instrument for accurate measure¬ 
ment of rotating speed. Usually indi¬ 
cates in revolutions per minute. 


Vernier 


Welch plug 


Wet liner 


Wet sump 


Top Dead Centre. The highest point 
reached by a piston in a cylinder, with 
the- crank and connecting rod in line. 

Automatic device for regulating tem¬ 
perature, Used in vehicle coolant 
systems to open a valve which restricts 
circulation at low temperature. 

Output shaft of gearbox. 

Outer end of rear axle halfshaft flanged 
and bolted to wheel hub, which runs on 
bearing mounted on outside of axle 
casing. Vehicle weight is not carried by 
the axle shaft. 

Used to reduce friction .in rotating 
parts subject to axial loads. 

Turning or twisting effort. See 'lb ft'. 

The bar(s) across the vehicle which 
connect the steering arms and main¬ 
tain the front wheels in their correct 
alignment. 

Universal joint. A coupling between 
shafts which permits angular move¬ 
ment. 

Unified National Fine screw thread. 

Device used in brake system, using 
difference between atmospheric pres¬ 
sure and inlet manifold depression to 
operate a piston which acts to augment 
brake pressure as required. See 'Servo'. 

A restriction or 'choke' in a tube, as in a 
carburetter, used to increase velocity to 
obtain a reduction in pressure, 

A sliding scale for obtaining fractional 
readings of the graduations of an 
adjacent scale. 

A domed thin metal disc which is 
partially flattened to lock in a recess. 
Used to plug core holes in castings. 

Removable cylinder barrel, sealed 
against coolant leakage, where the 
coolant IS in direct contact with the 
outer surface. 

A reservoir attached to the crankcase 
to hold the lubricating oil. 
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INDEX 


A 

Accelerator cable maintenance 

39 

Accelerator pump, carburetter 

. .33, 39 

Air cleaner maintenance 

40 

Air control flaps, heater 

, .53, 55 

Air regulator ring, engine 

54 

Automatic choke, carburetter. 

. .33, 39 

Automatic clutch 

61 

Axle removal, front 

98 

Axle refitting, front 

98 

Axleshaft removal and servicing 

84 

B 

Ball joints, steering . . 

. . 107 

Battery maintenance . . 

125 

Battery testing 

126 

Belt tension 

55 

Big-end removal and refitting . . 

23 

Bleeding, brakes 

121 

Body finish 

139 

Bonnet lock . . 

. , 143 

Brake adjustment, hydraulic . . 

. . 113 

Brake adjustment, mechanical 

112 

Brake dismantling, front 

116, 117 

Brake dismantling, rear 

116, 117 

Brake hoses . . 

. . 118 

Brakes, hydraulic 

111 

Brakes, topping-up, hydraulic . . 

113 

Brake master cylinder servicing . . 

114, 121 

Brakes, mechanical 

. 111 

Brake pads, disc 

, 119 

Brake shoes, drum 

116 

Brake system, dual 

, , 121 

Brake wheel cylinder servicing . . 

117 

Brushes, generator 

127 

Brushes, starter motor 

, . 131 

Bulbs, headlamp 

133 

C 

Camshaft bearings’ 

24 

Camshaft drive gears . . 

24 

Camshaft end float 

24 

Cam followers 

. .22, 24 

Camshaft replacement 

25 

Capacitor, distributor. . 

48 

Carburetter, adjustment. 28 PCI 

34 

Carburetter adjustment, 28 and 30 PICT 

35 

Carburetter adjustment, 28 and 30 PICT-1 

37 

Carburetter float 

. .36, 37 

Carburetter servicing, 28 PCI. . 

34 

Carbuertter servicing. 28 and 30 PICT 

36 

Carburetter servicing, 28 and 30 PICT-1 

39 

Clutch, automatic 

61 

Clutch cable .. . , 

60 

Clutch description 

57 

Clutch dismantling 

58 

Clutch operating mechanism . . 

57 

Clutch pedal free play 

57 

Clutch plate centring . . 

60 


Clutch plate lining condition . . 

58 

Clutch release bearing mechanism 

60 

Clutch servicing 

58 

Clutch spigot bearing, gland nut 

21 

Coll, ignition . . 

45 

Commutator cleaning 

127,131 

Commutator undercutting 

127, 132 

Condenser (capacitor), distributor 

48 

Connecting rod removal and refitting 

23 

Contact breaker adjustment, distributor 

46 

Contact breaker servicing, distributor 

46 

Convertible top 

145 

Cooling system, engine 

51 

Coverplate removal, engine 

54 

Crankcase servicing . . 

22 

Crankshaft bearings . . 

23 

Crankshaft end float . . 

21 

Crankshaft pulley 

. . 20, 26 

Crankshaft regrind 

23 

Crankshaft removal and refitting 

23 

Crankshaft seal 

21 

Cut-out testing 

128 

Cylinder and piston grading . . 

17 

Cylinder barrel removal 

17 

Cylinder head nut sequence . . 

15 

Cylinder head removal and refitting . , 

15 

D 

Dampers, front 

97 

Dampers, rear 

89 

Damper, steering 

107 

Deflector plates, engine 

15 

Differential assembly, non-synchromesh 

70 

Differential assembly. 3-synchromesh 

74 

Differential assembly, 4-synchromesh 

79 

Direction indicators 

.135 

Disc brake maintenance 

119 

Disc brake servicing , . 

. , 120 

Dismantling engine 

14 

Distributor cap 

45 

Distributor drive shaft 

20 

Distributor maintenance 

45 

Distributor servicing . . 

47 

Door hinges . . 

139, 140 

Door lock adjustment 

140 

Door lock servicing 

139, 142 

Door window removal 

140 

Dual circuit brakes 

121 

E 

Electrical system 

125 

Electrolyte, battery 

126 

Engine description 

9 

Engine coverplates 

54 

Engine dismantling 

14 

Engine mountings 

14 

Engine reassembly 

25 

Engine removal 

13 

Engine specifications 

12 

Equalizer spring, rear suspension 

88 
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F 

Fan and housing engine 52 

Fan belt adjustment . . 55 

Field coil testing, generator .. 129 

Field coil testing, starter .. 132 

Flasher units . . ,.136 

Float, carburetter . .36, 37 

Flywheeldowels 21 

Flywheel gland nut . . 21 

Flywheel removal 21 

Flywheel replacement . . 26 

Flywheel runout 22 

Folding roof . . . . 145 

Front axle removal . . 98 

Front hub bearing^ lubrication 92 

Front suspension, description 91 

Front suspension lubrication . . 91 

Front suspension setting angles 108 

Front torsion bars . . 96 

Fuel gauge 30 

Fuel pump filter cleaning . . 30 

Fuel pump operation . . 30 

Fuel pump servicing . . 30 

Fuel pump stroke 31 

Fuel tank maintenance 29 

Fuel tap 30 

Fuses ..135 


Q 

Gasket, head . . 16 

Gearlever, Karmann Ghia 82 

Gearlever removal and refitting 81 

Gearlever shift rod . . 81 

Gearbox (see Transmission') 

Generator brustres ..127 

Generator lubrication , . 127 

Generator output .. 127 

Generator removal and refitting 128 

Generator servicing 129 

Generator voltage test 127 

Gland nut, flywheel 21 

Glossary of terms . . 169 

Gudgeon pin fitting 18 


H 

Handbrake servicing . , . . 122 

Headlamp beam setting 134 

Headlamp glass renewal .. 134 

Headlamps, sealed beam 134 

Headlining . . 144 

Head removal, cylinder 15 

Heater boxes . . 52 

Heat exchangers . . 51 

Heating system . . 51 

Hints on maintenance and overhaul .. 167 

Hood lock, rear 143 

Horn adjustment 136 

Hub bearings, front . . 92, 94 

Hub bearings rear 85 

Hydraulic brake fluid . . 113 

Hydraulic brake operation 111 

Hydrometer test, electrolyte ., 126 


I 


ignition advance mechanism . . 

43 

Ignition coil . . 

45 

Ignition system . 

43 

Ignition testing 

45 

Ignition timing check. . 

47 

Ignition retiming 

47 

J 

Jet adjustment, carburetter 

, .34, 35 

Jets, carburetter 

35 

Jet, pilot, electromagnetic 

39 

K 

Kingpin and bushes, front 

. . 94, 95 

L 

Linkpin adjustment, front suspension 

. .94, 96 

Locks, door, car 

141 

Lubricating service, engine 

13 

Lubricating service, transmission 

68 

Lubricating system, engine 

18 

M 

Main bearing servicing, engme 

23 

Main bearing shells, engine . . 

22 

Main drive shaft, non-synchromesh . . 

69 

Main drive shaft, 3-synchromesh 

72 

Main drive shaft, 4-synchromesh 

76 

Master cylinder servicing, brakes 

114 

Master cylinder topping-up 

. . 113 

0 

Oil cooler, engine 

19 

Oil intake strainer, engine 

19 

Oil pump servicing 

20 

Oil relief valve location 

19 

Oil relief valve spring check . . 

19 

Oil seal, crankshaft 

21 

Oilways, cleaning, crankshaft 

23 

P 

Pinion shaft, non-synchromesh 

69 

Pinion shaft, 3-synchromesh . . 

72 

Pinion shaft. 4-synchromesh . . 

77 

Pedal clearance, brake 

115 

Pedal clearance, clutch 

57 

Pilot jet, electromagnetic 

39 

Piston and rod refitting 

26 

Piston grading 

17 

Piston removal and refuting . . 

17 

Piston rings and gap . . 

18 

Pump, carburetter 

. . 33, 39 

Pump, fuel 

30 

Pushrods and cam followers . . 

25 

Pushrod refitting 

26 

Pushrod tubes 

16 

R 

Radius arm inclination, rear suspension 

88 

Rear axle description and lubrication . . 

83 

Rear axle and transmission removal . . 

86 

Rear axle and transmission refitting . . 

86 

Rear equalizer spring . . 

88 
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Rear hub and brake drum 

85 

Suspension adjustment, front (early). . 

94 

Rear torsion bars 

87 

Suspension ball joints, front . . 

96 

Rear wheel bearings and oil seals . . 

85 

Suspension, rear 

83 

Regulator ring, cooling system 

54 

Suspension servicing, front 

. .94, 96 

Regulator test electrical 

127 

Synchromesh assemblies, gearbox , . 

. .73, 76 

Remote door control . . 

140 

T 


Removing engine coverplates 

13 

Technical data 

151 

Removing and refitting engine 

13 

Thermostat opening check, engine . 

55 

Rocker adjusting screws, engine 

Rocker assembly 

17 

15 

Timing gears . . • . . 

Timing marks, camshaft gears 

24 

24 

Rocker clearance adjustment, . 

12 

Torque wrench settings 

, . 157 

Rocker shaft mountings 

17 

Torsion arms, front suspension . , 

, .91, 96 

Rocker shaft servicing 

17 

Torsion bar installtion and setting, rear 

88 



Torsion bar removal, front 

96 



Torsion bar removal, rear 

87 

S 


Track rod servicing 

. . 107 

Sealed beam headlamps 

. . 134 

Transmission description 

65 

Seat belts 

145 

Transmission maintenance 

68 

Silencer removal 

53 

Transmission modifications 

80 

Slow-running adjustment, carburetter 

. .34, 35 

Transmission oil seals 

. .74, 79 

Sliding roof 

145 

Transmission removal 

69 

Spark plug condition . . 

48 

Transmission servicing, non-synchromesh 

69 

Spark plug gap 

49 

Transmission servicing, 3-synchromesh 

70 

Spark plug leads 

49 

Transmission servicing, 4-synchromesh 

75 

Specific gravity, battery electrolyte . . 

126 

Trim removal, door 

140 

Stabilizer bar, front suspension 

97 



Starter motor brushes 

131 

V 


Starter motor outboard bush . . 

81 

Vacuum timing control, ignition 

43 

Starter motor pinion . . 

. . 132 

Valve dismantling, engine 

15 

Starter motor servicing 

131 

Valve guides and seat inserts. . , . 

16 

Starter motor solenoid 

132 

Valve reassembling 

16 

Steering angles 

. . 108 

Valve timing . . 

. . 152 

Steering column removal 

103 



Steering description . . 

101 

W 


Steering gearbox adjustment in car 

107 

Warning lights 

. . 135 

Steering gear maintenance 

101 

Window glass removal and refitting 

140 

Steering gear removal and refitting 

104 

Windscreen fitting 

143 

Steering gear servicing 

104. 105 

Wing and sill removal 

. . 144 

Steering modifications 

. . 110 

Wiper motor and linkage 

137 

Steering wheel removal 

102 

Wiper motor servicing 

. . 137 

Steering wheel spoke setting. . 

109 

Wiper parking switch. . 

137 

Sump drain plug and strainer 

13 

Wiring diagrams 

. . 159 
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